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1.  Purpose

The Modernized Longbow Block III is not a new start program, rather it is the culmination of modernization efforts to overcome obsolescence and upgrade existing Apache aircraft using incremental insertions to enable the Longbow to operate in, and be compatible with, the Future Force (FF).  This Simulation Support Plan (SSP) outlines the Modeling and Simulation (M&S) program used to support the implementation of the Modernized Longbow Block III Multi-Role Helicopter Operational Requirements Document (ORD), with emphasis on developing and demonstrating the Key Performance Parameters (KPP) and critical non-KPP focus areas.  

The M&S efforts described in the SSP will help to reduce program risk, acquisition time, and program cost, while increasing quality, military worth, supportability, and decreasing total ownership costs throughout the system’s lifecycle.  The plan's objectives are identified in Figure 1.
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Figure 1.  Simulation Support Plan Objectives
Although the Modernized Longbow SSP is accurate at the time of printing, it is a living document.  The Modernized Longbow program is inherently dynamic and proceeds at an aggressive pace, and this collective SSP document will be reviewed annually and updated as required subsequent to major milestone reviews.

2.  Executive Summary 

This Modernized Longbow SSP describes the implementation of the Simulation and Modeling for Acquisition, Requirements and Training (SMART) concept to the Modernized Longbow Block III incremental insertion upgrade program.  The SMART concept is the application of modeling and simulation to the entire program life cycle.  For Modernized Longbow Block III, the SMART concept is being applied to all applicable phases of the program, focusing on the KPPs, from requirements analysis through material production, testing, cost analysis, training, integration, and support.

The Modernized Longbow Block III is the culmination of growth from previous programs for weapons systems and the airframe.  The program is not a new start; rather the ORD requirements will be met through the incremental application of separately developed capabilities, much like a Commercial Off the Shelf (COTS) system.  The Block III effort will maximize M&S to reduce the risk associate with the integration of these subsystems and to evaluate the overall effectiveness of the aircraft as these capabilities are added.

The Block III program does not fit into the “standard” system model; it is in fact the   result of a number of Engineering Change Proposals (ECPs) developed from experience gained on the Block I and II aircraft and during operations in Afghanistan and Iraq, as well as the requirement for Interoperability on the future battlefield.  This initial SSP strategy was not developed in the Battle Lab environment, it is in fact an evolutionary document that will take advantage of proven M&S tools, developed over the life of the Apache program, upgrade as necessary and incorporate evolving M&S to mitigate risk and ensure that the Modernized Longbow Block III will support the current operations and the transition to the FF.

Modernized Longbow Block III specific simulation efforts will be managed in the same manner that weapon system efforts have been managed under the auspices of the Apache Attack Helicopter PMO with the full participation of the government organizations and contractors supporting the weapon system.  Integrated Product Teams (IPTs) facilitate decision making from the action officer level up.  The Combat Developer will continue to participate with the Materiel Developer in the acquisition process for the Modernized Longbow Block III aircraft from cradle to grave.  The Government, in the spirit of Total Quality Management, has developed an Integrated Product Development approach between the Longbow Joint Venture contract team, the integration contractor and responsible PMO divisions to manage the acquisition and fielding of both weapon systems and simulation efforts.  This approach uses "partnering" and teamwork to forge long-term relationships.  The IPTs will manage product definition, production, test and fielding of the Modernized Longbow Block III specific simulation programs and facilitate a true working relationship between the Government and all contractors.  Within the PMO, the SSP process will be managed through an M&S IPT led by the Product Manager for Apache Block III, coordination will be effect with other IPTs within the PMO to ensure that close collaboration is maintained within the entire organization.
3.  System Description Overview 

3.1 Modernized Longbow Mission Description

The Modernized Longbow will be an integral player in the Unit of Employment (UE) at Division and Corps level.  The UEs will conduct operational maneuver from strategic distances for rapid commitment on short notice for operations that may be of uncertain scope and duration, and in immature theaters.  UEs, using advanced transportation platforms, will deploy in combat-ready unit configurations in a matter of days.  The Modernized Longbow will be an essential element of the UE as it conducts operations that overcome enemy anti-access measures; conduct operations that focus on the destruction of enemy precision engagement systems; elimination of enemy Command, Control, Communications, Computers, Intelligence, Surveillance, and Reconnaissance (C4ISR) and logistical capabilities necessary for offensive operations; supporting the seizure of key terrain and facilities that will support the flow of friendly forces and decisive operations; and conducting information operations that build on our own information dominance.

As depicted in Figure 2, the Modernized Longbow Block III Multi-Role helicopter will provide support in the Intelligence, Maneuver, Fire Support, and Battle Command (BC) mission areas.  The Modernized Longbow is a key enabler in achieving the air-ground synergy required for the FF.  Modernized Longbow equipped units provide full spectrum capability throughout FF operations, while continuing to support Current and Interim Force unit operations throughout the transformation process.  The Modernized Longbow multi-role, multi-function design, coupled with its C4ISR linkages and mission equipment package, provide the Interim and FF with a highly survivable system throughout the battlespace.  The Modernized Longbow combines sensor and shooter with state of the art Cognitive Decision Aiding (CDA) software.  Modernized Longbow equipped units enable the FF requirement to "See First, Understand First, Act First, and Finish Decisively.”  Modernized Longbow equipped Army aviation units, nested in the context of joint and combined arms operations; ensure combat overmatch for the FF by providing direct and mutual support to the air-ground team at critical points of decision.  

The Modernized Longbow will facilitate the management of tactical information by collecting and disseminating intelligence, allowing the force to collect relevant information, process it to create a Common Operating Picture (COP) display, store relevant information, and disseminate the COP.  The Modernized Longbow represents one of a suite of emerging capabilities critical to the success of the FF in conducting full spectrum operations described in TRADOC Pam 525.3-0 Draft, Nov 2001
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Figure 2.  Modernized Longbows in the Future Force (Note:  Acronyms are listed in Appendix B) 

3.2 Modernized Longbow System Description

The Modernized Longbow Block III is a Network Centric, multi-role, advanced technology helicopter weapons system, fully interoperable with Joint, Current, and FF systems that enhances the commander’s ability to function as an integral member of the future air-ground combined arms team.  As previously noted, it is not a new start program, but rather an incremental insertion of technology to existing aircraft to upgrade capabilities.  The Modernized Longbow will be designed and equipped with an Open System Architecture (OSA) that will facilitate incorporation of the latest available communication, navigation, sensor, and weapon systems, and ensure FF and joint interoperability.  It will employ Air-to-Ground-Missile-Systems (AGMS) including the family of Hellfire missiles, the Joint Common Missile (JCM), the Advanced Precision Kill Weapon System (APKWS), Air-to-Air (ATA) missiles, and a 30mm chain gun. 
3.2.1 Key Block III System Capabilities

The Modernized Longbow Block III weapons system is best described through examination of five major areas that will differentiate it from previous Apache aircraft

· Digital Interoperability/Communications

· System Operations and Support

· Aircraft Performance

· Multi-Spectral Sensors

· Cognitive Decision Aiding (CDA)

These five areas are the key operational capabilities specified in the Block III ORD.   They are discussed briefly in the following paragraphs and each is illustrated in a matrix in Section 5.3 that cross walks capabilities/KPPs from the operational need through the technical enabler to applicable key M&S tools.

Air-Ground Digital Interoperability / Communications The Modernized Longbow and the maneuver force must share the COP.  With a common picture of the battlefield (enemy situation, friendly situation and status) through vertical and horizontal information sharing, Army aviation will conduct operations at an increased Operational Tempo (OPTEMPO), while enhancing synchronization of maneuver, coordination of direct/indirect fires, intelligence and targeting.  Integrating the Joint Tactical Radio System (JTRS) embedded in an open systems architecture will increase the use of the frequency spectrum to provide Line of Sight (LOS), Non-Line of Sight (NLOS), and Beyond Line of Sight (BLOS) wave forms thereby speeding data transfer and transmission reliability.  OSA initiatives also ensure the Modernized Longbow Apache is truly interoperable as part of the FF, and allows for incorporation of future enhancements and system insertions to avoid costly obsolescence issues.

Minimizing system Operation and Support (O&S) costs will be achieved through selective upgrades to high operation and support cost drivers.  This is the long-term solution to achieving significant cost reductions.  These include an upgraded composite rotor blades and drive system, T-700-701D engines, and Modernized Target Acquisition and Designation Sight (M-TADS)/Pilot Night Vision Sensor (PNVS).  

To increase maintainability, the Modernized Longbow will be equipped with evolving Embedded Diagnostics (ED), Embedded Prognostics (EP), Health Monitoring, Automatic Identification Technology (AIT), and an Interactive Electronic Technical Manual (IETM) hosted on an electronic delivery device.  These systems will automatically monitor the overall aircraft systems, sub-systems and performance.  These will record data and allow the maintainers to retrieve the data to provide accurate prognosis and diagnosis of aircraft system problems, and wirelessly transmit maintenance status and logistics data (on-command) on critical components to the Logistics Enterprise Environment (off-board logistics information management) system.  This will allow logisticians to anticipate maintenance requirements and schedule timely and accurate delivery of supplies and services.  In addition these initiatives will increase reliability and readiness through increased Mean Time Between Failures (MTBF), reducing the required maintenance man-hours while increasing aircraft availability.

Aircraft performance will be improved through selective drive system upgrades providing aircrews with increased maneuverability, extended environmental ranges, increased mission radius and increased endurance.  This will dramatically increase the mission capability of the Modernized Longbow, which in turn provides a substantial increase in survivability.

Multi-spectral sensor upgrades to be applied to the Modernized Longbow include the M-TADS/PNVS, Aviation Manned/Unmanned Systems Technology, extending the range of the Fire Control Radar (FCR), and expanding the frequency spectrum and threat library of the Radio Frequency Interferometer (RFI), and incorporating RFI Passive Ranging.  The resulting improvements in situational awareness, survivability, and targeting while maintaining range compatibility with munitions will enable the crew to better visualize and more efficiently influence the battlespace.

A CDA system is required to reduce crew work load and enhance survivability in order to fully exploit these advanced technologies and achieve maximum operational effectiveness.  The CDA System speeds critical battlespace tasks (i.e.: actions on contact, route planning and attack planning), and facilitate data fusion of off-board, on-board sensor imagery into a single Common Relevant Operating Picture (CROP) for the crew.  The result is battlespace dominance enabled through the synergistic relationship of the CDA, the crew, and the Modernized Longbow.
3.3 Milestone Status

While the overall Apache Longbow is an ACAT 1C program, the determination of the program designation for the Modernized Longbow Block III effort is pending an Office of the Secretary of Defense (OSD) decision at the time of writing this initial SSP.  Section 4.0, System Acquisition Plan, provides additional details on the Block III schedule/status.
4.  System Acquisition Plan 

The Modernized Longbow Block III is a production line cut-in, not a new start, and the acquisition plan therefore is system enhancement through an incremental insertion/block upgrade approach, bringing in the required capabilities at scheduled intervals. 

The following terms are used throughout the SSP and are explained here for clarification.

· Lot:  Describes a quantity of aircraft procured under a specific contract or delivery order (normally a single year production)

· Block:  A group of aircraft defined by configuration or capabilities.  Apache Blocks include multiple Lots.

· Multi-Year (MY):  A contracting process in which several Lots are combined under a single contract to take advantage of economy of scale.
AH-64D Modernized Apache and Longbow Weapons programs are the culmination of outgrowth from previous programs for weapons systems and the airframe.  The Helicopter Adverse Weather Target Acquisition and Designation System (HAWTADS) in 1978 and the Helicopter Adverse Weather Fire Control/Acquisition Radar (HAWFCAR) in 1981 progressed to become the Airborne Adverse Weather Weapon System (AAWWS) and eventually Longbow for integration in the Apache Modernization Program.  An Apache Multi-Stage Improvement Program was initiated between August 1988 and August 1989 to determine the modifications, which would be needed to upgrade the Apache to accommodate the Longbow Weapon System.  In addition, a basic aircraft modernization program was making improvements in airframe, avionics and armament systems derived from Reliability, Availability and Maintainability (RAM) engineering and lessons learned in Desert Storm.  An AH-64C and AH-64D were being developed and were identical in many respects except the AH-64C was not configured to accept the Longbow FCR.  In 1992, a Headquarters, Department of the Army (HQDA) decision was made to produce only one series, the AH-64D, all of which will be capable of accepting the Longbow FCR.

Table 1 below depicts the growth in capabilities of the AH-64D as the aircraft has moved from the original Block I to Block II and now to the Block III configuration.  The Lot numbers refer to the production lots of aircraft produced within each Block.  
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Table 1.  Apache/Longbow Capabilities by Block/Lot (Note:  Acronyms are listed in Appendix B)
As indicated on the modernization schedule (Figure 4) below, procurement begins in FY07 for first delivery in FY08.  Sixty Block III Modernized Longbows will be produced in each year from FY08 through FY11, and forty-four Block III Modernized Longbows will be produced in FY12.  The Modernized Longbow will be fielded with required training, training support, hardware/software, and Integrated Logistical Support (ILS), including aircraft, for the institutional training base.
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Figure 3.  Modernized Longbow Block III Concept
The Modernized Longbow represents the third block of a multi-block acquisition strategy including Block I (defined as LOTs 1-6 produced under the MY I and MY II contracts) and Block II (defined as LOTs 7-10 in production under the MY II contract).  Block III Incremental Insertions will modernize all Block I aircraft into the Modernized Longbow configuration stated in the ORD as the threshold, with all AH-64D's in this common configuration as the objective.  Block III Modernized Longbows are fully interoperable with joint and combined arms team members and enhance the air-ground maneuver team by improving joint communications through JTRS.  This continuing modernization program brings advanced technologies to the Modernized Longbow, maintains combat overmatch, integrates it into the future battlespace of the FF, ensures Global Air Traffic Management (GATM) compliance, and provides additional capabilities to the force.  The Block III program also satisfies the requirements for seamless interoperability with Unit of Action (UA) and UE.

4.1 Block III Incremental Insertion Upgrade Concept

As a result of United States Army transformation, emerging FF organizational and operational structure, lessons learned from Operation Iraqi Freedom (OIF)/Operation Enduring Freedom (OEF), and a changing operational environment, the Modernized Longbow is integral to achieving air-ground synergy during FF operations.

The Block II Modernized Apache program upgraded system architecture, which combined with the incorporation of the JTRS, will enable interim FF compatibility.  Block I Modernized Apache cannot achieve FF compatibility without increasing processing, architecture, overcoming obsolescence, and incorporation of JTRS.  

Change 2 to the Modernized Longbow, Block III Multi-Role Helicopter ORD, dated 22 March 2004, incorporates Block III upgrades via incremental technology insertions.  Block III improvements will be applied to the 284 Block I aircraft to meet Future Combat System (FCS) Architecture requirements and fulfill the FF Multi-Role Helicopter need.  The requirements for Block III will modernize all Block I Apaches into the Modernized Longbow (Figure 4) with capabilities that address the shortfalls and enables incremental insertion of increased FF operational capabilities, platform system performance, and operational readiness.  Summarizing, the evolutionary upgrades and incremental insertions for Modernized Longbow Block III focus on the areas noted below:
· Interoperability with Future / Joint forces (KPP 1) 

· System Operations and Support (KPP 2)

· Aircraft Performance (KPP 3)

· Multi-spectral Sensors (Non-KPP focus area)

· CDA (Non-KPP focus area) 

4.2 Acquisition Timeline
Although OSD will determine where the Block III program will be placed in the Milestone Process in the July 2004 timeframe.  Key events are projected and portrayed in Table 2, Modernized Longbow Block III Program Schedule.
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Table 2.  Modernized Longbow Block III Program Schedule

5.  Modeling and Simulation Support Approach

Modeling and Simulation (M&S) will be used throughout the life cycle in support of the incremental insertion program for upgrading the Modernized Longbow Block III Apache.  The following paragraphs describe the Block III M&S strategy, including historical usage of M&S, anticipated current usage, and projected life cycle use of M&S.

5.1 Modeling and Simulation (M&S) Strategy

Modeling and Simulation (M&S) has been used historically throughout the Apache program. Early, somewhat rudimentary, tools have been replaced with newer and more advanced M&S resources as the aircraft evolved from the AH-64A to the AH-64D Longbow, Longbow Block I, Block II, and now the Modernized Longbow (Block III).  In support of the Block III effort, M&S will be used to reduce cost, schedule and risk associated with satisfying the KPPs and critical focus areas, it will also be used to evaluate how each incremental insertion contributes to the successful achievement of the requirements specified in the KPPs and critical focus areas.  As the Block III aircraft are fielded, M&S tools will assist in monitoring their performance and life cycle costs.  

The Apache incorporates a broad spectrum of Live, Virtual and Constructive (LVC) simulations and simulators in each of the SMART functional areas. M&S tools provide critical information and assist decision makers relative to combat development, design and engineering, manufacturability, logistics and support, analysis of alternatives (AoA), life cycle costs, test and evaluation, training, reliability, availability and maintainability analysis, advanced collaborative environment, threat, and survivability and lethality.  The SSP is the tool that facilitates the management and coordination of this extremely complex process.

For clarification, M&S tools and resources discussed in this SSP are shown in bold font. 

Historically, contractors and Government agencies have utilized M&S tools that have not undergone the Verification, Validation and Accreditation (VV&A) process.  These tools have met the needs of the using organization but may have not been officially “accredited.”  The VV&A process is expensive and time consuming, however if an M&S tool can be used to reduce the overall Testing and Evaluation (T&E) requirements, the Block III program will support and solicit resources to accomplish the VV&A effort.

5.1.1 Risk Mitigation

A significant challenge facing the Block III program is the integration of multiple subsystems that must not only function properly in the aircraft, but which must also achieve interoperability with other weapons systems in the FF.   Effective use of M&S can alleviate much of the risk associated with the integration of multiple subsystems that form the Block III configuration.  Boeing, the weapon system integrator, will play a key role in this effort; however the availability of high fidelity M&S tools to simulate the future battlefield and the weapons systems on that battlefield is not completely known at this time.  The FY 05 engineering contract for Block III is a vehicle to begin addressing this area.  Close coordination with the managers of the Block III subsystems and the TRADOC community will be required to ensure that all the components of Block III remain on schedule and M&S tools/resources are available to adequately evaluate the ability of the Block III aircraft to meet the KPPs and critical non-KPP required capabilities.

Table 3 below identifies Interoperability, KPP 1, as the major area of risk associated with the Block III effort if the JTRS Program schedule does not support Block III production.  The PM and the contractor are exploring potential interim hardware/software solutions for legacy systems to enable the Longbow Block III program to proceed, even if ahead of JTRS development, but still meet JTRS requirements at the appropriate time.  Key M&S tools, such as Boeing’s Avionics Integration Laboratory (AIL) and Engineering Development Simulator (EDS), are being considered as assets to assist in achieving interim and final Interoperability requirements.   Government facilities such as the Central Technical Support Facility (CTSF), Ft. Hood, TX and the Joint Interoperability Test Center (JITC), Ft. Huachuca, AZ, while normally used to certify systems, may also prove valuable in achieving Interoperability capabilities] through their ability to emulate the multiple systems found in the FF.  The PM will also maintain close coordination with the JTRS Project Office to ensure that issues are identified early and resolved expeditiously.   
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Table 3.  Technical Risk Assessment (Note:  Acronyms are listed in Appendix B)
5.1.2 Historical Modeling and Simulation 

The historical strategy for acquisition and use of M&S by the AH-64D Longbow Apache program has been evolutionary rather than revolutionary.  The advanced technologies associated with the Longbow FCR and HELLFIRE fire-and-forget missiles have been merged with existing, proven technology applications.  To reduce overall program risk and to contain costs, the resulting weapon subsystems and components were then integrated with a modified version of the existing Advanced Attack Helicopter (AAH).  The models and simulators that were developed for the AH-64D Longbow Apache will be assessed and used where applicable to support the Modernized Longbow Block III upgrades.

In the same way, the Longbow and AH-64D programs have sought to use existing M&S where and when they have been available, appropriate and adequate (Fig 7).  Tried and proven models such as the Combined Arms and Support Task Force Evaluation Model (CASTFOREM), Janus, the Computerized Optimization Model for Predicting and Analyzing Support Structures (COMPASS) and the Multiple Aircraft Penetration and Engagement Simulation (MAPES) were used to perform Mission Area Analysis (MAA), Operational Analysis, Requirements Generation and Trade-Off Analysis, Conceptual Design Studies, and the COEA.  Engineering design M&S, previously developed, validated and accredited for their intended purposes, were used to support development, prototype production, and test.  Training requirements for Army test participants were satisfied by simulators developed for the AH-64A and by an expanded version of then McDonnell Douglas Helicopter Systems (MDHS) (now Boeing) EDS.  The EDS was originally developed by the integration contractor for their engineering bid to design and build the Light Helicopter-Experimental (LHX).  (See Sec 7.2.1.1 for more on the EDS).  Future users of M&S will seek to do the same thing, i.e., first use what is already available when it meets their needs.  Where new or unique future applications of M&S are required for the Modernized Longbow, the Government will build upon the success of existing models, simulations, and simulators, to ensure the Army's most advanced and responsive multi-role, advanced technology helicopter weapons system is a centerpiece of the FF.

Table 4 depicts some key M&S tools and their approximate relation to the weapon system's historical developmental time line.  Following the MS III decision for the AH-64D in October 1995, formal M&S efforts, managed at the PMO level, were discontinued.  However M&S tools were used in support of ECP efforts designed to address problem areas identified in the Block I aircraft.  These efforts resulted initially in the development of Block II, and subsequently to the proposed Block III configuration.  Formal M&S planning tracking will be resumed as part of the Block III effort.   
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 Table 4.  Historical Modeling and Simulation for the AH-64 and Longbow (Note:  Acronyms are listed in Appendix B)
5.1.2.1 Systems Engineering

Numerous tests on prototype equipment were performed during the early development of the airframe and dynamic components.  Main and tail rotor blades were tested for ballistic tolerance through actual live fire tests in which the blades were damaged by large caliber rounds, then placed into test fixtures to simulate the dynamic loading of flight, and tested until failure.  The main transmission, intermediate, tail rotor gearboxes and tail rotor drive train were also ballistically tested while under simulated operational loads.  The same components were operated under load without lubricating fluids to test the designed thermodynamic and heat load tolerances.  Main and tail rotors were tested with static and dynamic loading to simulate flight conditions.  Practically the entire airframe received ballistics and dynamic loading tests to prove or improve design.

The Ames Research Center performed various simulations in support of AH-64A Apache development.  The Blade-Element Model for the Apache (BEMAP) was a mathematical model developed to realistically account for the effects of the lead-lag degree of freedom and rotor dynamics for the AH-64A Apache.  The main thrust of the BEMAP effort was to develop, implement, and validate a blade-element rotor module to replace the less sophisticated map-type rotor used in FLY Real-Time (FLYRT), an AH-64A Apache simulation model.  The development and integration of the BEMAP module was completed in 1989, and was shown to match or surpass the original model.  During the summer of 1990, flight tests were conducted to polled data used for model validation in both the time and frequency domains.  The BEMAP was used in 1991 when it was upgraded with 701 C engine modules and was used to predict the effects of new engine control system upgrades prior to actual flight tests.  The BEMAP closed in FY94, with the completion of the BEMAP Technical Manual.  The validated math model will be available for future applications such as to develop a common high-fidelity model for the AH-64D Longbow Apache.

FLYRT is a high-fidelity simulation model designed for the AH-64A Apache Helicopter.  It was purchased from MDHS in 1988-1989 for the Ames Research Center.  The batch version of FLYRT, also delivered by MDHS, was restructured to improve modularity and allow ease of module replacement.  Some of the modules, including the trim and equations of motion modules, were upgraded to facilitate the new BEMAP being developed by Ames Research Center.  The real-time Apache FLYRT simulation model was verified in FY93 using aircraft flight data.  The BEMAP module and lessons learned during the development and upgrade of the Apache FLYRT have been incorporated together to become the Blade Element - Fly Real-Time (BEFLYRT) simulation model, a common high fidelity simulation model that will continue to be used for the AH-64D Longbow Apache.

The Ames Research Center also developed the Comprehensive Identification from Frequency Response (CIFER) software.  CIFER is a highly sophisticated user-friendly computer software package developed for rotorcraft system identification.  System identification refers to the technique whereby mathematical models of vehicle dynamics are extracted from input-to-output response data.  The resulting models are useful for validation of piloted simulations, checking for compliance with specifications and updating control system designs after first flight.  The CIFER frequency response methods have been applied to the AH-64 simulation and it will be utilized to support AH-64D Longbow Apache.

Developed by MDHS, the Virtual Application Prototyping System (VAPS) was used as an early crew station design tool emulating the Multi-Function Displays (MFD) of the AH-64D.  It is also used as a virtual simulation-training device for individual crewmember training.  Its interaction with the user approaches the training level of Computer Based Instruction (CBI).  It enables the user to access the various system display pages via simulated actioning (‘mouse’ pointing) of the MFD's bezel buttons.  As the users access the desired pages, they are able to operate aircraft and weapons systems as well as perform cockpit and battle management tasks.  The VAPS also has a tutorial capability.

The Heat Transfer model (HEATTRAN) was used by MDHS to identify the heat loads generated by electronic components during operation.  The results were used to determine the cooling requirements in normal to extreme operating conditions.

The electronics, fire control and weapons subsystems are simulated in the Pilot Training Devices used for transition training at Ft. Rucker, Alabama.  During development of the AH-64A, AH-1 Cobras were used as surrogates until enough air vehicles could be built to carry the subsystems.  Ground target simulators were used to score laser accuracy and sight alignment during TADS development.

The Man-machine Integration Design & Analysis System (MIDAS) is an analysis model developed to improve cycle time and human factors influence for advanced technology crew stations.  It combines 3-D rapid prototyping methods, embedded human performance models and advanced simulation techniques to provide a computer-aided engineering system, which moves crew station design and procedural iterations from hardware to software.  The MIDAS was used in partial demonstration with the AH-64A, which included a technology transfer of the software to MDHS.  The Binocular Vision Model imbedded in MIDAS was used in partial simulation for the AH-64D Longbow Apache.  The EDS was used by MDHS as a human factors engineering tool for the Crew Station Design Validation Test III (CSDV3).

Boeing developed an enhanced Longbow FCR digital simulation that contains models for targets that include tracked vehicles, wheeled vehicles, air defense units, helicopters, fixed wing aircraft and strategic targets of interest.  The simulation is capable of demonstrating ground and air targeting and terrain profile modes.  The ground-targeting mode simulates both stationary and moving targets at various aspect angles, clutter levels, ranges and environments.  Moving target velocities are varied.  The simulation has the ability to correctly predict probability of detection, probability of correct classification and handover accuracies.  It incorporates representative worldwide terrain features matching from the Government Geo-Specific Database suites to include clutter types and levels.  The operators are able to manipulate the target mixes, employment of countermeasures, and the general battlefield conditions and obscurations.

5.1.2.2 Logistics

MDHS completed the first report on Level of Repair Analysis (LORA) in June of 1990.  Analysis was performed on a limited number of Longbow unique components in order to establish the maintenance level at which these items will be replaced, repaired, or discarded.  The analysis was based on economic and non-economic considerations as well as operational readiness requirements.  The model utilized was the Optimum Supply and Maintenance Model (OSAMM).  By March 1993 the MDHS efforts had produced six LORA reports using OSAMM for all Longbow unique components.  The model also looked at the alternatives of two and three level maintenance repair in a tradeoff analysis.  

In September 1994, the contractor was tasked to do a follow-on depot maintenance study in support of the Aviation Restructuring Initiative (ARI).  An improved LORA model, COMPASS had replaced OSAMM and was used in this study.  COMPASS is a PC based model with added capability for LORA.  In COMPASS, the maintenance concept decisions are made with maintenance and supply functions considered concurrently.  The supply algorithms imbedded in COMPASS have been extracted from the Selected Essential-Item Stockage for Availability Method (SESAME) model used by the Army to compute initial provisioning requirements.  The JV between Westinghouse Electric and Martin Marietta Corporations began using the Network Repair Level Analysis (NRLA) model in July 1991 to produce their LORA reports.  This model computed costs associated with different repair level options in order to assist in the formulation of maintenance concepts based on economics.  All LORA data proved to be very accurate because during the Initial Operational Test & Evaluation (IOTE) project aircraft availability in excess of 90% was achieved.  The model was used to compare and evaluate alternatives, not as a tool in the development of a budget.

5.1.2.3 Test & Evaluation
The FCR digital simulation was used to develop detection/classification algorithms for stationary and moving ground and airborne targets.  Target signatures and radar clutter data from test sites were used to develop algorithm coefficients, which could be selected manually or automatically.  This simulation was used to verify FCR performance during design test and to validate that the algorithm training techniques provided robust performance over a variety of terrain types.

Missile Hardware in the Loop (HWIL) simulation, which tested various types of subsystem components using a combination of actual hardware and computer simulations, provided a significant contribution to the development of the HELLFIRE missile.  The JV and the U.S. Army Missile Command (MICOM) used HWIL extensively in the software development, calibration and testing of the missile.  HWIL was also used on the Longbow HELLFIRE to help reduce technical risk by evaluating new algorithms that improved operations against threat countermeasures.  The Millimeter-Wave Simulation System (MSS) HWIL facility, at Redstone Arsenal, AL, was used to test tactical missile seeker hardware and software in a real time closed-loop simulation over the full missile flight scenario.  The system was also used for verification of test readiness for all seeker flight hardware and software, evaluation of seeker performance envelope, parametric performance analyses and algorithm optimization, independent seeker evaluation by Government agencies and verification of contracts simulations of seeker hardware and software.

The Real Time Casualty Assessment (RTCA) is a hybrid, virtual simulation that combines software and instrumentation.  Its purpose is to facilitate live simulation associated with Operational Testing.  It was developed for AH-4D Longbow Apache OT by the TEXCOM Evaluation Center (TEC) to shape OT force-on-force trials, to provide player personnel with a sense of combat realism and to generate performance data of sufficient fidelity to address operational requirements' issues and criteria.  The independent Government evaluator, Army Materiel Systems Analysis Activity (AMSAA) and independent support contractors verified its software modules.  The entire system was validated and accredited for its intended uses by the Operational Test Command (OTC) with the assistance of Government and support contractor Subject Matter Experts (SMEs).  The RTCA for the AH-64D Longbow Apache is actually a collection of several different weapon systems simulation models.  Each model corresponds to the essential characteristics or attributes of the actual and replicated weapon systems participating in OT trials.  The primary function of these modules is to map a set of player state inputs to a unique Probability of Kill (PK).  The resultant output (i.e., casualty assessment) is determined by Monte Carlo simulation.  The PKs used by this simulation are provided by the AMSAA.

Survivability and Lethality will be evaluated using government models – mainly the Modular Unix-based Vulnerability Estimation Suite (MUVES-S2) suite for vulnerability and lethality, which will then be coupled with government models for dispersion, accuracy.  The two agencies in partnership with ATEC and PM who will run the models and provide the vulnerable area estimates for ATCOM will be the Army Research Lab, Survivability/Lethality Analysis Directorate (SLAD) and the Army Materiel Systems Analysis Activity (AMSAA).  These models form the basis of the vulnerability estimates for the RTCA and ATCOM.
5.1.2.4 Training

The Longbow Integrated Training Program (LBITP) incorporates all elements of a training program for operator, maintainer, and support personnel for subsystems of the AH-64D Longbow Apache.  The LBITP will be upgraded for Block III using the principles of Systems Engineering, Systems Approach to Training, and Life Cycle Cost Management.  Applying these principles results in a training system that is requirements-driven by Longbow Weapons System (LBWS) functional capabilities.  The training program will provide a systematic hierarchy of teaming to train Block IIII Modernized Longbow personnel to effectively employ, maintain, and support the weapon system.

5.1.2.5 Historical Cost and Operational Effectiveness Analysis (COEA)

TRADOC uses the force-on-force constructive models of CASTFOREM, the Target Acquisition Fire Support Model (TAFSM), Janus and VIC to analyze future technology contributions to the performance of various combat organizations in brigade, division, and corps level engagements.  The specific modeling results used to support AH-64D Longbow Apache programs were an excursion of the Army-approved LHX COEA, subsequently renamed the RAH-66 Comanche COEA which was approved by HQDA in March 1991.  This excursion employed AH-64A helicopters with Longbow-like FCR and fire-and-forget HELLFIRE missile capabilities.  These hybrid Apaches were teamed in this excursion with Comanche helicopters performing the scouting role. 


5.2 Life Cycle Use of M&S 

The Modernized Longbow Block III program will utilize M&S tools in all the M&S functional areas throughout the life cycle phases of this incremental insertion upgrade program.  Table 5 illustrates some of the key M&S tools and their relationship to the M&S functional areas and the life cycle phases of the Modernized Longbow Block III program.  As noted previously, the Block III program is yet to be defined by OSD, and these phases/milestones are subject to change.  These M&S tools are addressed in more detail by M&S functional areas identified in DA PAM 5-XX Simulation Support Planning and Plans, dtd 19 Dec 2003, and in the SMART Planning Guidance.  In the following sections the SSP, goals and objectives applicable to this SSP have been identified within each functional area, and the use of M&S to meet these objectives is discussed.  The end product will be a logical explanation of the use of M&S through the program from Combat Developments to the Advanced Collaborative Environment.  It should be noted that the functions outlined in each area will often not occur sequentially, and although many occur simultaneously, they are listed here in a generic, life cycle correlated sequence, to facilitate the discussion.

	Historical

	       2003               2004                 2005                  2006                   2007                2008

	
	

	M&S Functional Areas
	LIFE CYCLE MODELING AND SIMULATION TOOLS

	Combat Development
	CASTFOREM, Janus, ATCOM; Historical Joint Service Mission Area / Needs analysis and Critical Requirements Documents (CRD)

	Threat
	Lockheed Martin/Northrop Grumman (RFI, M-TADS/PNVS, FCR)

	Analysis / AoA
	CASTFOREM; Janus; ATCOM; 


	Design / Engineering
	RCAS; RTS; PDS; AA; Passive Range Simulator; ASE Simulator; RFI Emulator; Boeing EDS & AIL; EO Analysis; Tracker Simulation; Image Processing Simulation; MATRIX X; ProE


	RAM
	 ProE; DUANE MODEL; RELEX Software



	Manufacturability
	LM Factory Simulations; Boeing Devise



	Logistics and Support
	NRLA; SESAME; COMPASS


	Training
	Boeing EDS; LCT/LCT-S


	LCC / Operations & Support
	ACEIT; OSMIS; MOCA; LM Factory Simulations; PRICE-S&H; SEER-SEM&H; CO$TAT; COCOMO; RACRS


	Survivability & Lethality
	MUVES


	Test & Evaluation
	RWSI; RACRS; ATMF; JITC, CTSF-FT Hood; OTIS/TESS 


	Adv Collaborative Environment (ACE)
	TBD 


Table 5.  M&S Crosswalk with M&S Functional Areas/Tools/Program Schedule 

Note:

1. Acronyms are listed in Appendix B

2. Milestone schedules will be developed for of the M&S activities to be performed within the M&S Functional areas.  This process will be a joint Government / Contractor effort and will be monitored by the PMO

3. Additional M&S Tools will be added by the IPT as they are identified 

5.2.1 Combat Development
In this functional area, future operational requirements are defined.  Existing and future threats are compared against current and future planned capabilities of the weapon system.  The battle labs used M&S tools such as the CASTFOREM and Janus to evaluate the Apache Longbow.  Additionally, lessons learned from OEF and OIF operations were examined to provide real world experience and supplement M&S efforts.  The result was the identification of a number of deficiencies sufficient to generate an update to the ORD that includes five focus areas with three KPPs, and two non-KPPs that are the core required capabilities of the Block III program.   M&S tools used in this area are discussed below.

The TADS/PNVS system was identified as part of the Multi-Spectral Sensors focus area.  The PM Sensors M&S approach included the development of the physics-based High Fidelity FLIR simulation and the Apache Risk and Cost Reduction System (RACRS) as a sensor simulation integration testbed.  These tools, along with multi-spectral 3D terrain elevation databases, were used to predict performance issues prior to flight test.  Using these simulations for flight test planning and rehearsal and maturation of PNVS, TADS, and Tracker algorithms resulted in program cost avoidance.

Using the PM Sensor’s models and simulations, new requirements are being evaluated with respect to distinguishing between civilian and military personnel and equipment, and tactics, techniques, and procedures in urban environments.
Janus Is a multipurpose, near real-time, interactive war game used to examine the relationship of combat and tactical processes.  It is used for weapon system performance, test planning, test augmentation, scenario evaluation and exercises, and can model entities down to individual soldier or system. 

Advanced Tactical Combat Model (ATCOM) is a constructive simulation developed by Boeing to provide a lifecycle relevant, high fidelity model for engineering, acquisition, training, R&M, logistics, survivability, lethality, and T&E.  Because of its higher fidelity, the model has proven to be a valuable adjunct to the hierarchy of models (ESAMS, CASTFOREM, etc) used in constructive simulation studies and exercises.

TRADOC Analysis Center (TRAC) will continue to perform the operational effectiveness analyses using CASTFOREM and VIC.   The CASTFOREM is a stochastic, high resolution, two-sided, force-on-force event-sequenced, combat simulation model that will represent applicable combined arms scenarios.  VIC is an automated combined arms force-on-force simulation representing land and air forces at the Army corps and division levels
5.2.1.1 Analysis and Studies

The analysis in support of the development of the Modernized Longbow equipped Units of Employment (UE) is ongoing as part of the larger analysis for the UE.  Listed below are the studies and analyses that have been conducted to date.  This list will mature as further analysis is conducted.

UE/UA Shaping the Battle Space Using Shared Lethal Effects (Depth and Simultaneous Attack Battle Lab Circular Error of Probability (DSABL CEP), FY02

Future Combat Systems Mission Area Analysis (FCS MAA) (TRAC Leavenworth), Feb-Apr 2002

Future Combat Systems Mission Needs Analysis (FCS MNA) (TRAC Leavenworth, May 2002

Force XXI UAV Requirements Study

The Modernized Longbow Block III ORD contains linkages to the following Capstone Requirements Documents (CRD):

Global Information Grid Capstone Requirements Document (GIG CRD), 9 August 2001

Combat Identification (CID) CRD, 19 March 2001, United States Joint Forces Command, (S/NF)

Theater Air and Missile Defense (TAMD) CRD, 01 March 2001 (S/NF)

Global Air Traffic Management (GATM) CRD U.S.AF 003-97, 19 March 2001

Close Air Support CRD, 6 MAY 2002

The linkage between Modernized Longbow Block III and the FCS is shown in Table 6 below.
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Table 6 Linkage to FCS ORD (Note:  Acronyms are listed in Appendix B)
5.2.2 Threat 

Consideration of the Threat commences in the Combat Development effort and continues through the life cycle of the system.  In the case of the Apache, an aircraft that has been fielded for 20 years, the intelligence community has played a key role throughout its life.  The Threat has been addressed during each of the upgrades from the AH-64A through the AH-64D Longbow Block II and real world experience supplemented M&S in identifying shortcomings.  The Block III upgrade was not primarily driven by a new Threat, however, the ORD has been cross-walked with the Systems Threat Analysis Report (STAR), which was validated by the Defense Intelligence Agency (DIA) on 13 Dec 2001, and is currently under revision for DIA re-validation.  J2/DIA certification is expected later in 2004.   The Threat summary is depicted in Figure 4 below.
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Figure 4 Threat Summary (Note:  Acronyms are listed in Appendix B)
PM Sensors Apache helicopter and physics-based High Fidelity Sensors simulations provide the capability to represent the Apache in the threat gaming environment.  RACRS and its integrated sensors can connect via the Defense Research and Engineering Network (DREN) to the Corridor of Excellence for system and sensor threat assessment exercises.

5.2.2.1 Threat to be countered

The Modernized Longbow will counter heavy armored, light armored and soft targets with a suite of weapons optimized for the missions assigned.  The specific targets include heavy and light Armor Fighting Vehicles (AFV), Artillery (self-propelled and towed), Air Defense (AD) systems (missiles and Anti-Aircraft Artillery (AAA)), aerial vehicles (low performance fixed wing, helicopters, and Un-Manned Air Vehicles (UAVs), soft or thin-skinned vehicles, maritime targets, and dismounted personnel located in bunkers, caves, and buildings.
5.2.2.2 Projected Threat Environment 

The Modernized Longbow is expected to operate in both global and regional conflicts in support of operations ranging from peacetime engagements to conventional, high intensity, general warfare. It will be subject to hostile air defenses that may include the full range of antiaircraft systems including conventional small arms, automatic antiaircraft weapons, Man Portable Air Defense Systems (MANPADS), and crew-served systems using radar, optics, and electro-optics for detection, tracking, and engagement. The threat will also include launcher mounted Surface to Air Missiles (SAMs), air-to-air weapons launched by fixed wing aircraft, helicopters, anti-radiation missiles, directed energy weapons, active self-protection devices, and improved armor protection.  

The information operations threat will attempt to manipulate or corrupt the aircraft's information systems to influence the decision making process.  This will include regional collection and jamming of communications over a variety of frequencies and attempts to defeat the aircraft's sensors.  The most severe threat to the Modernized Longbow will be a combination of these diverse systems, used by an asymmetric and adaptive threat operating in complex and urban terrain with the degree of severity being mission scenario dependent. The enemy's goal will be to fracture US and coalition resolve by degrading or destroying selected US and allied flag ship systems, inflicting high casualties, prolonging and increasing the cost of continued hostilities, and exploiting media coverage of any friendly setbacks.  Stretching out a conflict, the enemy will often be satisfied to achieve a stalemate, preserving its military capabilities for future employment when conditions for success are more favorable.

5.2.3 Analysis of Alternatives (AoA) 

In this functional area, alternatives are examined to determine how best to provide the required capabilities to meet documented requirements.  Consideration is given to such elements as doctrine, training, and ultimately materiel changes.  As a fielded system, the Apache has not undergone a system peculiar AoA since the upgrade from the AH-64A to the AH-64D Longbow.  However, the Apache did participate in each of the AoAs developed for the RAH-66 Comanche.  These AoAs required a number of configuration changes in the Apache (e.g., upgraded Aircraft Survivability Equipment (ASE)) in order to be deemed comparable to the RAH-66 alternative during the AoAs.  These configuration changes were defined by the TRADOC Analysis Center, White Sands Missile Ranger (TRAC-WSMR).  Details on these assumptions are maintained by the Apache PMO and include upgrades to the airframe, weapons systems, sensors and ASE.  The primary software tool utilized was the Automated Cost Estimating Integration Tool (ACEIT). 

In support of Horizontal Technology Integration (HTI), Apache PM Sensors, in cooperation with Comanche PM Sensors, examined alternative solutions for the M-TADS/PNVS detectors, Line Replacement Units (LRUs), Line Replacement Modules (LRMs), and components using technical, cost, and logistics models.  The same approach is currently being used to evaluate M-TADS/PNVS Infrared (IR) interlace scan mirror.  In addition, a suite of PM Sensors models and simulations are being used to evaluate the extension of a Government Recognition Of Combat Vehicles (ROCV) Models for Copilot/Gunner (CPG) target identification training.  Simulations being used include:  RACRS, physics-based High Fidelity FLIR simulation, physics-based 3D target models, and data collection and cataloging tools (Video Imaging Capture And Recording (VICTAR) and Picture Book).

Boeing also used the Advance Tactical Combat Model (ATCOM) and the Joint Conflict and Tactical Simulation (JCATS) tools in support of the analysis, with data and results currently residing in Boeing Mesa Operations Analysis Department. 

CASTFOREM and Janus were also utilized in the AoA efforts.

5.2.3.1 Studies

Related AoA studies/analyses noted in the Block III Army Requirements Oversight Committee (AROC) brief (Mar 2004) are:

Post Milestone C Modernized Longbow Block III has been defined by:

OIF/OEF Lessons Learned

Pacific Command (PACOM) Mission Needs Statement – Littoral Operations

Future Force compatibility / connectivity / shared COP needs

Need for improved system performance, logistical footprint, and reliability

Need for improvements to identified shortcomings and obsolescence

Additionally, Block III requirements supported by other AoAs / studies:

UE/UA Shaping the Battlespace Using Shared Lethal Effects -Addressed fires capabilities in support of Unit of Action / in the Unit of Action

FCS Mission Needs Analysis - Identified Doctrine, Organization, Training, Materiel, Leadership, Personnel and Facilities (DOTMLPF) solutions to deficiencies of current force

FCS Mission Area Analysis - Identified critical requirements the Future Force must achieve

Force XXI UAV Requirements Study - Identified the potential of Level 4 UAV control

Additional studies/analyses are noted in red in the right panel of Figure 5 (Defining Block III) from the Longbow TRADOC System Manager (TSM):
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Figure 5.  Defining Block III (Note:  Acronyms are listed in Appendix B)

5.2.3.2 Comanche/Apache AoA 

An SME Scoring Model Group (SMG) was formed to perform a Mission and parametric analysis of the alternatives between the Comanche, Apache, Comanche/Apache Team, and the AH-1Z Super Cobra, during the Comanche program in July 2002.  It consisted of representatives from the UA Mounted Battle Lab (UAMBL), TSM for Comanche, TSM Apache, Directorate of Combat Developments (DCD), and the Program Management Office (PMO) for Comanche.  Summary of the SME demographics indicated a combined ninety-one years of Army Aviation analysis experience and 194 years of military experience.   With the additional extensive flying hour experience of the SMG, it provided the unique military experience and judgment needed to subjectively rank the components of each alternative.  

After reviewing the documents and studies, the group evaluated the alternatives against each criterion as to their mission performance and applicability to (then) Objective Force requirements.  While the Comanche was ranked as the best alternative, it is no longer a valid program and the Modernized Longbow will be upgraded to meet some of the requirements that would have been filled by the Comanche.  Additionally, the Block III ORD KPPs overcome the relevant Apache limitations noted in the Comanche AoA.

The full text of the Comanche/AH-64D/AH-1Z Super Cobra SMG AoA is not included in the SSP, but can be found in Annex B, Comanche Objective Force Analysis of Alternatives Update, July, 2002, Ft Rucker, AL., to the Final Draft, v.6, Comanche Program Update, 2002.

5.2.4 Design and Engineering 

In a new system, this phase is characterized by the extensive use of M&S to achieve the requirements stated in the ORD.  In the case of Block III, these requirements will be met through the incremental insertion of proven technologies.  There is little pure design engineering as most Block III subsystems and components are at or beyond the prototype stage and many early M&S tools have already been employed.  Individual contractors have used M&S tools to help develop these upgraded subsystems, however at this point in the program most of these technologically enhanced components are nearing or are at the prototype stage.  Some M&S tools used and/or being evaluated for use in this area are described below.  

Boeing uses several M&S technologies to assist in the design and engineering of the system at the Apache plant in Mesa AZ.  This includes employing Computer Aided Design/Computer Aided Manufacturing (CAD/CAM) tools and linking the virtual designs to M&S tools to address system effectiveness, cost estimates, supportability requirements, and operational effectiveness.  

The primary Computer Aided Design tool at Mesa is Unigraphics V18, used to create detail and assembly product definition. They also have access to the CAM and Computer Aided Engineering (CAE) capabilities, as requested by the Integrated Product Team (IPT). They use Vis-View as their Low End Visualization tool, which (along with Vis-Jack) can be used for human factors studies and assembly simulation in support of the IPT requirements.  They will be switching to UGNX2 in July 2004. We also have Catia V4 and V5 on site to support offsite work packages.  Through data translators, they can provide the engineering data in a variety of formats to provide system representations for use in Army M&S such as OneSAF, COMBAT XXI, etc.  

Risk And Cost Reduction System (RACRS)

RACRS is an Apache Longbow Simulator designed for Simulation Based Acquisition (SBA) and used by contractors/government to evaluate systems through simulation.  Its primary purpose is to quantifiably reduce developmental risks, costs, and timelines in support of the Army’s SMART initiative.  The RACRS is a prior Longbow trainer prototype that is now a GFE stationary simulator residing at Camber Corporation in Huntsville.  The RACRS consists of a high-fidelity cockpit simulation of the Longbow Apache Pilot and CPG stations, and a high-resolution out-the-window (OTW) visual system running on an PCs multiple, changeable, high-resolution, Camber-developed, geo-specific databases on which to fly.  Provisions also exist for the integration of various hardware components of the Longbow Apache as well as open functionality within the software architecture, allowing for future upgrades and follow-on modifications to the Longbow to be tested and evaluated in a “try it before you fly it” environment.

PM Apache contracted with Camber Corporation to develop a program to work in concert with the original equipment manufacturer (OEM) and current prime contractor for the M-TADS/PNVS, Lockheed Martin Missiles and Fire Controls (LMMFC).  PM Apache’s desired that Camber Corporation assist in developing mature image processing algorithms prior to production, help develop the multi-target tracker capability in the M-TADS/PNVS, and assist in the integration of the other sub-sensors that make up the M-TADS/PNVS, which represented the highest risk areas to the program.  This was done by integrating the LMMFC developed M-TADS/PNVS software into the Longbow Apache RACRS.

The contractor’s innovative role as the “honest broker” has allowed these generally mutually exclusive worlds to come together in a cooperative, non-proprietary, and non-threatening environment to the solve problems and reduce risk.

Features/Capabilities of the RACRS Model:

· Pilot-in-the-Loop (PITL)

· High Fidelity Cockpit and Sensor Simulation

· Advanced Display Technologies

· Verification, Validation, and Test Support

· Distributed Interactive Simulation

· DREN

· Advanced Missile Interface

· Network Gaming

· Sub-Meter Geo-specific Databases

· PC-based Sensor Simulation Toolkit (FLIR, Day TV, Image Intensified Television (IIITV), Multi Target Tracker (MTT))

PM Sensors Apache helicopter and physics-based High Fidelity Sensors simulations assist the contractor by identifying algorithm issues associated with parameter settings, operational environments, and performance.  In addition, these simulations provide the government with collected metrics on display and tracker algorithm maturation.

AED – Rotorcraft Comprehensive Analysis System (RCAS)

RCAS is an M&S tool that provides the capability to reduce risks associated with test flying new configurations.  It provides a flight test support capability and improved cost and mission performance.  It will be assessed by the PM, AED and Boeing to determine its usefulness in the Block III effort.

Lockheed Martin Systems Integration (LMSI) - Radar Frequency Interferometer (RFI)

This section summarizes existing M & S tools developed and used by LMSI, for the AN/APR-48A RFI system used on Apache Longbow. Some or all of the tools may be used during development of RFI enhancements planned for the Modernized Longbow Block III insertions.

The AN/APR-48A RFI is a passive radar acquisition and direction-finding system used in conjunction with the FCR on the AH‑64D Longbow Apache helicopters.  The RFI detects and identifies radar emissions within a specified frequency region, determines radar modes and accurately determines the azimuth angle to the threat radar. The RFI system can be used to cue the FCR and the platform’s optical sensors for targeting.  The RFI consists of three LRUs; a Processor LRU installed in the platform’s left avionics bay, a Receiver LRU and an Antenna LRU installed above the platform’s rotor.  A User Data Module (UDM) attached to the RFI processor is a programmable memory that contains the threat library for the RFI system. 

During the Longbow Block III Modernization program, three improvements or insertions are planned for the RFI. They are as follows:

Frequency Extension is a 2009 Block III insertion extending the frequency coverage of the RFI system for targeting purposes. Additional hardware and software will be developed along with adding new threat data to the UDM to cover the extended frequency range.

Over Water (also called Littoral) is a 2011 Block III insertion for the Longbow Platform to operate over water.  Modifications to the FCR, RFI and missiles are planned. The RFI modifications consist of potential changes to the Operational Flight Profile (OFP) and adding Littoral emitters to the RFI UDM.

Passive Ranging is a 2012 Block III insertion utilizing a LMSI location algorithm in the RFI to provide passive location data (Range, Latitude, Longitude, CEP) to the platform. Software modifications to the RFI, FCR, platform displays and Weapons Processor are required.

LMSI Modeling and Simulation Tools for the RFI

The following LMSI M&S tools have been developed for the RFI and are planned for use during the development of the RFI Block III insertions:

Response Time Simulator  The Response Time Simulator was originally developed using MATLAB and is recently being enhanced and converted to JAVA under the UDM Programming Capability contract with the US Army. RTS simulates the RFI OFP, UDM Dwells and hardware tune times to predict the time it takes RFI to detect and report a single emitter.

Probability of Detection Simulator The Probability of Detection Simulator uses the threat emitter’s parameters, the aircraft’s altitude and the RFI’s system sensitivity to predict the “Detectability” of the threat. The simulator is written in JAVA and is utilized during UDM development efforts.

Ambiguity Analyzer The Ambiguity Analyzer calculates the ambiguities due to emitter parameter overlap for any given threat library for the RFI UDM.  This tool was originally developed using C and it is currently being enhanced and converted to JAVA under the UDM Programming Capability contract with the US Army.

Passive Ranging Simulator The Passive Ranging Simulator uses the RFI AOA and passive ranging algorithms, threat location and platform flight path (latitude, longitude, altitude) to predict RFI location threat accuracy. The simulator is currently implemented in Matrix Laboratory (MATLAB) or can also be implemented to work using Microsoft Excel.

ASE Controller Simulation The ASE simulator was developed to predict “Time to Detect” and Counter Measure response times for a variety of proposed Apache ASE systems for Block III. Aircraft flight path along with a threat lay down are inputs to the simulator.  This simulator was created to show the capabilities of providing an ASE Controller function and software in the RFI Processor.  The simulator is implemented in MATLAB. 

RFI Emulator The RFI Emulator was developed to use in Boeing’s AIL and emulates the RFI’s interface software, dwell processing, training and BIT software. The emulator software resides in the RFI Processor and allows Boeing to perform RFI/FCR integration without having the RFI Antenna and Receiver LRUs present in the lab. The emulator is written in Ada and C++.
Northrop Grumman Fire Control Radar - Radar Electronics Unit Program (FCR REU)
Longbow Limited Liability (LBL), a joint venture (JV) between Lockheed Martin (LM) and Northrop Grumman Corp (NG) utilizes many more models than listed; however, these design and engineering models are significantly tailored and allow “sub-systems” and/or “modes” of the Radar(s) to be analyzed many different ways.  As an example, Northrop Grumman uses the Unigraphics Model as a standard engineering design/drawing for all sector designs not just Longbow.  Mentor is another model used to design and develop Electronics Circuit Assemblies (ECA).  These two models are linked to other “tailored” models whose inputs and outputs (for cost/stress/design/analysis/ or test) are used to perform various trade studies and/or requirements verification throughout the design phase.
Team Apache Systems (TAS) (Joint Venture - Lockheed Martin Missiles and Fire Control/Boeing) Arrowhead M-TADS/PNVS program SMART Plan models:

Lockheed Martin integrates modeling and simulation (M&S) into its design, integration, test, and fielding activities to reduce life cycle cost and assure mission success.  The M-TADS Program’s portion of these activities support the SMART objectives listed below:

· Address requirements oriented EO analysis using tools such as NV Therm, Acquire, FLIR 92, etc.

· Address reliability models to predict and track KPPs and focus on spares.

· Use simulation to generate training and trainer devices requirements.

· Provide a tool for man-machine interface to replace subjectivity with objectivity in areas such as the following:

· Tracker Performance

· Video Image Performance in both the aircraft and training and trainer devices.

· Address manufacturing production assembly floor layout evaluation options.

TAS Simulation/Model Summaries:

The Arrowhead Program systems simulations were used throughout the proposal phase and will be used through production contract completion. The simulations will be used to perform trade studies, define system and subsystem requirements (e.g., algorithm design tools), analyze and verify system performance, validate hardware and software, predict test performance, and conduct post test analyses.
EO Analysis

Performance models will be maintained for the FLIRs and IITV of the Arrowhead program. Standard Army tools (NVTherm, NVIITV) as well as proprietary simulations will be employed. Model details and results will be reviewed with the Army and suppliers to manage risks and support trade studies.
Tracker Simulation

Arrowhead guidance, navigation, and control engineers use MATLAB to support the development and testing of Inertial Targeting, Tracking algorithms, Imaging, and HWIL.  Existing Legacy TADS data is used to generate software, which is in turn used to create algorithms and to validate tracker performance and embedded software processing.

Image Processing Simulation

MATLAB is utilized to provide test vectors for all FPCA validation of the Image Processor. And end-to-end simulation using input imagery has been validated from 12-bit data in to 8-bit data out of the FPCAs. Also, by use of the VCap Windows Capture tool, software processing of Scene Assisted Non-Uniformity Correction (SANUC) and histogram processing has been validated against MATLAB development simulations.

MATRIX X Simulation

MATRIX X is a powerful, programmable, matrix calculator with graphics used to solve complex large-scale matrix problems for the Arrowhead servo controls group. Linearization of the Arrowhead servo block diagrams necessitates the removal of voltage and current limits, anti backlash gear effects, coulomb friction dead zones and scheduled gains. Open loop and closed loop frequency response stability data quantifying gain and phase margins are also generated.

Pro/ENGINEER (Pro/E)

Pro/E is a feature-based, parametric solid modeling system used by Arrowhead mechanical engineers. This tool allows for digital prototyping, functional simulation, and allows engineers to test modifications and performance in a 3D environment using digital models. It also provides designers with assurance that changes to the digital model are propagated through the entire digital product life cycle.

Boeing Engineering Development Simulator (EDS) activities for Block III Apache Technology Insertions:

The EDS is a part task/part mission and full mission capable device that replicates the aircraft utilizing a combination of actual aircraft hardware and software.  Physical components consist of a pilot and co-pilot stations located within 20-foot domes that are electronically connected to produce a single simulated aircraft capable of full spectrum operational testing.  The mission environments consist of aircraft flight, mission and communications systems along with doctrinally and tactically correct red and blue players.

The EDS mission is to act as a member of the engineering development team and is responsible for independent verification and validation of hardware and software design and operational concepts prior to flight test and subsequent fielding.  New concept testing answers questions of man machine interface and Tactics, Techniques and Procedures (TTPs) in an operational environment.  Additionally, the EDS acts as a third member of the software testing team supplementing the Software Testing Environment (STE) and the AIL.  The STE is script based code testing while the AIL is a box to box test lab.  Neither can replicate full system testing.  Some of the specific questions that may be answered during Block III full spectrum operational test include:

· Subjective and objective workload data on form fit and function

· Increase or decrease in lethality, survivability, or operational tempo

· Multiple threat environment that is not possible to replicate in the field

· Crew station design evaluation/validation (early identification of design issues)

· Customers input and buy in

· Cost and schedule risk reduction

· Lead the development effort

· Support SMART M&S efforts

· New or refined TTPs

· Identify product upgrade requirements

· Identify new missions

5.2.5 Reliability, Availability, and Maintainability (RAM) 

This area concentrates on maximizing RAM as a key element in system development.  While RAM has been a major consideration throughout the life of the Apache, in Block III it assumes a predominant role in that one of the KPPs specifically targets improvements in RAM. 
Boeing

Boeing uses a comprehensive RAM Modeling Database to facilitate various models and analysis that can identify RAM drivers so improvements can be sought to enhance system RAM.  One M&S method used to minimize maintenance efforts is to identify each LRU and assess a Mean Time Between Removal (MTBR) and Mean Time To Repair (MTTR).   Using a calculated Maintenance Man-Hour per Flight Hour (MMH/FH) value helps identify problem areas and different design solutions can be sought and remodeled to see if significant improvements are achieved.  The decision to use LRUs or LRMs, are modeled using a Level of Repair Analysis modeling technique.  This provides, along with the Life Cycle Cost modeling, which design approach would really be a better cost effective solution.  .

Team Apache Systems (M-TADS)

As a major enabler of Block III performance goals, the M-TADS/PNVS program has utilized M&S to help meet performance and cost goals with fewer test and flight hardware requirements.  Significant uses of M&S have been incorporated into the System Design & Development (SDD) phase of the M-TADS/PNVS program. Targeting and Pilotage FLIR performance has been the subject of M&S activities to reduce the amount of test and design iterations required prior to fielding.  Included in this M&S effort have been performance features such as dead-channel replacement, automatic edge enhancement, and video artifact processing which effect field maintenance and fault rates, thereby improving RAM confidence with less testing and flight hardware.  Component stress reliability models were used to identify RAM drivers early in design for corrective action.

M-TADS/PNVS Operating & Support (O&S) costs have been modeled using US Army Cost and Economic Analysis Center (CEAC) O&S cost standards and methods to allow direct comparison with the existing Apache fleet. Resulting O&S projections were utilized to set Design-To-Cost goals and maintenance concepts for each new equipment module to minimize overall maintenance and O&S footprints. 

ProE 3-dimensional models were used to identify M-TADS/PNVS RAM risks for mechanical interference and maintenance durability. The integration of maintenance-intensive components such as harness assemblies, connectors, mounting fasteners and shrouds was simulated to identify weak areas and drive design fixes. Tight mechanical tolerances were located in the 3-D model and improved prior to build.

M&S efforts aimed at RAM performance were used extensively to support the M-TADS/PNVS program milestone exit criteria for reliability. For example, projected rates of repair, supply demand, depot labor cost, and other RAM parameters were used to help formulate the contract strategy and “should-cost” for Performance Based Logistics (PBL)-type sustainment of the system, thereby reducing Army fielding risks. Additionally, reliability design fixes were modeled in both software and hardware to project likely fielded performance for comparison against exit criteria requirements.

Lockheed Martin’s M-TADS/PNVS reliability engineers use Relex software to evaluate the failure rate and Mean Time Between Failure (MTBF), to identify areas for potential reliability improvement, to manage reliability across the entire product lifecycle. This modeling tool performs reliability allocation calculations and supports de-rating analyses. The tool is a PC based application that allows engineers to be able to pinpoint areas of concern, quickly analyze design modifications, and improve the overall product reliability.

Northrop Grumman

Northrop Grumman’s Fire Control Radar - Radar Electronics Unit (FCR REU) Program uses the models/tools noted below.  

The Duane Model is used to assess the FCR Reliability (MTBF) as it accumulates operational hours in the field, and MIL-HDBK-217F (Notice 2), a reliability prediction model, uses inputs describing type and quantity of each component used within the LB FCR and calculates the MTBF of the FCR.  MIL-HDBK-492 (Notice 1), a maintainability model, combines the task analysis done by the Logistics engineers with the Reliability predictions, Built-in-Test (BIT) effectiveness, and other parameters to determine/predict the FCR MTTR and other maintainability attributes of the FCR as required.  MIL-HDBK-470B a Testability Model combines BIT capabilities, unit failure rates (reliability) and the Failure Modes and Effects and Criticality Analysis (FMECA) to detail the Fault Detection/Fault Isolation predictions and capabilities of the FCR.

5.2.6 Manufacturability

Manufacturability is the consideration of the ease of manufacturing in the design of the system.  For the most part, the components that make up Block III are well past the initial design engineering stage, and produceability has been previously considered.  We have noted however that major contractors with Block III are assessing their production lines to determine whether tools such as Lean manufacturing can improve their production process.  

Boeing uses takes full advantage of M&S technologies to assist in the manufacturing of the system, accommodate design changes, and optimizes the process.  Design improvements occur as a result of the integration of Production Engineering into the design group as part of the Integrated Product Teams (IPT).  Their function is to provide produceability assessments and improvements throughout the design phase and optimize (lean) the design using Design For Manufacturing /Assembly (DFM/A) tools.  While Models are used at Boeing Mesa at the discretion of the designer to mitigate risk and optimize the manufacturing process, they are used to illustrate design concepts at design reviews.

Boeing Mesa has also performed miniature scale mock-ups to optimize the manufacture process.  They have used digital fly through models (Devise) to simulate optimum A/C positions & feeder lines in final assembly.  Computer simulation models are used at the Boeing Mesa site to analyze the design and operation of manufacturing systems.  A model for LB Block III can evaluate the following:

· Capacity Planning

· Manpower requirements

· Workspace requirements

· Machines / Tools

· Test Equipment (Non Destructive Test (NDT), DITMCO, Portable Adaptive Test Set (PATS)

· In process inventory

· Throughput and resource utilization

· Overall cycle time  

Lockheed Martin Missiles & Fire Control (LMMFC) Production Operations uses simulation engineers to assist the Arrowhead (M-TADS) program with cost savings initiatives and the design of lean production facilities.   The discrete event factory modeling software toolset currently used consists of Delmia Quest (3D) and ProModel Corporation’s ProModel (2D). The output of these tools is both factory part flow animation and statistical reports summarizing model behavior such as machine and labor utilization, throughput, queuing information and part flow time. Lockheed Martin has developed custom source code logics that extend this COTS simulation software, allowing us to incorporate lean manufacturing principles in our simulations.

5.2.7 Logistics and Support

Efforts in this area begin early in the conceptual process and continue through the life of the weapon system.  M&S is being used in Block III to identify supportability requirements; it is supplemented by actual field experience for those systems not changing on the aircraft to provide planners total life cycle cost information.  The subsystems being added to the Apache Longbow are each being evaluated in detail to determine their logistics and supportability requirements.  This information will be integrated into a comprehensive supportability plan for the entire weapon system including support equipment.  M&S tools used in this area are discussed below. 

Boeing will use historical MY II program M&S data and will program Block III to address the total ownership cost, to include sustainment, of the Modernized Longbow throughout its lifecycle after contract award.  Life Cycle Costs modeling and simulation has already begun for the Block III program and will be continued after program award.  Repair level analysis is a modeling technique used to determine optimal levels of repair, support equipment needs, and base sparing requirements.  Specific sparing models such as SESAME are used.  Boeing also plans to use a spares modeling system called Service Process Optimizer (SPO) that will support a PBL approach to providing spares support to fielded units.

Boeing provides trainers for both operator and maintainer to learn how to fly and maintain the Apache.  Interactive Electronic Technical Manuals (IETM) also provide the ability for the maintainer to "practice/dry run" maintenance tasks.  The key enabler for improved maintenance of the Apache is an integration of the Aircraft Diagnostics/IETM/Electronic Logbook or maintenance management system/and using the data collected in that process to drive improvement of the key drivers.

Boeing is also in the process of developing a joint Boeing/Government IPT on Condition Based Maintenance (CBM) to ensure proponents for logistics and support are part of the Integrated Concept Team (ICT)/Integrated Product Team (IPT) collaborative process.

Northrop Grumman Fire Control Radar - Radar Electronics Unit (FCR REU) uses SESAME as a “sponsored site” to update analyses and aid in projecting out year budget data for spares.

LBL (Longbow Liability Limited, a JV between Northrop Grumman/Lockheed Martin) uses NRLA, an Air Force LORA model, in lieu of the COMPASS model, as it is more flexible and available to the Contractors on a no fee basis.

The Dynamic Object-Oriented Requirements System DOORS is a database front-end application used by the Lockheed Martin Arrowhead Program system requirements engineers to develop, maintain, and track requirements used in system development and production. DOORS functionality ranges from unique requirements maintenance and generation, documentation of those requirements, storage of data, and linkage and flow-down of all requirements on the program. 

The Apache PMO is evaluating the Mitigation Of Cost Analysis (MOCA); a model developed for determining the part obsolescence impact on life cycle sustainment costs for the long field life electronic systems based on future production projections, maintenance requirements and part obsolescence forecasts potential use in the supportability and Life Cycle cost areas.  The PM is also reviewing the Aircraft Total Life-Cycle Assessment Software Tool (ATLAST), developed for the UH-60 fleet by Clockwork Solutions Inc. for potential use in the Logistics and Life-Cycle Cost areas.

Although the majority of M&S activities in the Logistics/Supportability areas relate to Army aircraft, these tools can also provide Foreign Military Sales customers with support packages tailored to their environment and operational usage.  The Army in turn may be exposed to foreign M&S tools that may fill an existing void.

5.2.8 Training 

The Longbow Integrated Training Plan (LBITP) is closely coordinated with the TRADOC training managers.  It has evolved from the AH-64A training program and will be updated as necessary to address the incremental upgrades occurring in Block III.  As noted in the historical section, several of the Research Development and Acquisition (RDA) tools have actually been used to develop and even conduct operator and maintenance training.  It is expected that this capability will remain during the Block III effort. Aircraft M&S applications/tools, such as sparing models, requirements traceability, Test & Evaluation (T&E), media analysis etc., will be applied to the TADSS as appropriate.  M&S tools used in this area are discussed below.

5.2.8.1 Training Aids, Devices, Simulators, and Simulations (TADSS)

In developing the acquisition strategy for M&S for the evolution of Longbow Training device suite to Block III, the prime concern is the appropriate reuse of tools, models, simulations, and leveraging data from both outside and within the program development of the Block I and Block II aircraft and training devices.  The Longbow Apache program will focus heavily on enabling collaboration among all system stakeholders throughout government and industry.  

Systems Approach to Training analysis identified a new training device suite for the AH-64D Longbow Apache.  To the maximum extent possible, the design and development of the Longbow training devices was based upon software interchangeability and hardware component commonality within the Apache aircraft and training systems.  Longbow trainer hardware and software is modular in design.  The Longbow training device suite includes operator individual/crew and collective devices, maintainer complex and part task training devices, Interactive Courseware, CD-ROM emulators, home station collective equipment and aircraft integrated Longbow Missile trainers.  The training device suite and fielding schedules are shown in Figures 6 and 7 below.
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Figure 6.  AH-64 A& D Operator Training Devices

[image: image14]Figure 7  Apache TADSS Fielding
The AH-64D is a fielded system with TADSS in the field supporting pilot and maintainer training.  Therefore, the objective of the System Training Plan will be to upgrade the existing TADSS, Table 7 below, to reflect significant Block III changes that affect the TADSS.

	Training Aids, Devices, Simulators, and Simulations (TADSS) For
MODERNIZED LONGBOW ATTACK HELICOPTER

	Purpose/Function
	NET
	Institution
	Unit
	Device

	Gunnery               
	X
	X
	X
	LCT/LCTS/AVCATT

	Maneuver    
	X
	X
	X
	LCT/LCTS/AVCATT

	Maintenance        
	
	X
	X
	L6 / L7

	Force on Force
	X
	X
	X
	LCT/LCTS/AVCATT

	Simulator
	X
	X
	X
	LCT/LCTS/AVCATT

	     Individual/Crew
	X 
	X
	X
	LCT/LCTS/AVCATT

	     Collective
	X
	X
	X
	LCT/LCTS/AVCATT

	Simulation
	X
	X
	X
	LCT/LCTS/AVCATT

	Basic Skills Trainer
	
	X
	X
	LPT

	Embedded Training 
	X
	X 
	X 
	IETM

	     Individual
	
	X
	X
	IETM

	     Crew                     
	
	X 
	X 
	IETM

	     Maintainer
	
	X
	X
	IETM


Table 7.  Apache/Modernized Longbow TADSS

The Aviation Combined Arms Tactical Trainer – Aviation Reconfigurable Manned Simulator (AVCATT-A) system with the AH-64A, AH-64D Longbow Block I, or Block II configurations applied will be used as the primary collective device to train battlefield management to crews, commanders, and staff.  Six manned modules are currently reconfigurable to replicate AH-64A and AH64D Block I aircraft as well CH-47D, OH-58D, and UH-60A/L aircraft.  The AVCATT-A also includes a simulated tactical battlefield using a system-specific variant of ModSAF, as well as command and control, exercise control stations and after action review capabilities.  The AVCATT AH-64 configurations incorporate other than actual aircraft Operational Flight Program (OFP) software.  The AVCATT is configured in two transportable trailers, but requires electrical power at the fielded installations.  

The Longbow Crew Trainer (LCT) constitutes the major simulator development and acquisition effort in the AH-64D Longbow Apache program, and perhaps the most complex simulator in Army Aviation.  The LCT is fielded in a facility version at the U.S. Army Aviation Center (USAAVNC) and in a transportable version to each battalion.  As the first transportable military helicopter flight simulator, the LCT has been deployed by air, sea, and road with military equipment and is networkable via DREN and HLA.  The LCT is totally self-contained with its integral generator, HVAC and only requires fuel and water from the unit to operate.  The LCT incorporates the aircraft OFP, thereby replicating the cockpit, controls, displays, weapons, sensors, ASE, avionics, flight performance and malfunctions of the aircraft and utilizing a 60Hz update and refresh rate Out-The-Window (OTW) display enhancing depth perception and visual reference cues.  The multiple geo-specific database suites support virtual training environments in varied terrain and provide reinforcement and rehearsal capabilities.  These database suites support the OTW visual, sensor, radar, mission functions and tactical environment.  The Interactive Tactical Environment System (ITEMSTM) tactical software enables the Commander to rapidly build and tailor the virtual mission vignettes to specially support the unit’s Mission Essential Task List (METL).  The LCT is fully accredited and supports all critical individual and crew tasks necessary for initial aircraft qualification and sustainment training of garrison, maintenance, tactical, gunnery, emergency procedures, malfunctions and degraded operations, and instrument environment conditions; when networked via DREN with additional LCTs, it also provides collective and combined arms training.  The LCT trains all flight and procedural tasks involving operation and management of all aircraft and weapon systems.  The trainer’s crew stations incorporate dynamic motion seats to provide propreoceptive and tactile motion stimulus.  A Windows TM based Instructor/Operator Station (I/OS) interfaces through a central computer to control the crew stations and provide access to the mission vignettes generating interactive friendly and threat Computer Generated Forces (CGF) in maneuvers.  The gaining unit can tailor the provided mission vignettes, or create their own.  The aviators use their individual Integrated Helmet and Display Sight Subsystem (IHADSS) helmet and must load the mission data via the same planning process and hardware used on the aircraft.  The device visual system replicates all aircraft sensors including PNVS, TADS, Day TV (DTV), Forward Looking Infrared (FLIR) and FCR.  The LCT incorporates hardware and software leveraged and imported from the AH-64D aircraft, the FCR, the LBHMMS, EDS, ACT, and the A2ATD LPS Risk Reduction Device.

The LCT is required to match the LOT configuration of the aircraft assigned to the unit, and as such is provisioned to receive upgrades in the OFP and aircraft systems as the aircraft software and hardware changes.  Redistribution and upgrade of LCTs ensures the units training device match the aircraft Block configuration established by Aviation Transformation requirements.

The LCT incorporates a simulation of the Air Force Applications Program Development (AFAPD) for Longbow point-to-point digital messages and Tactical Fire Direction (TACFIRE) fire support digital messaging in the Block I simulator fleet.  The LCT required an advanced model to train Improved Data Modem (IDM) Longbow/AFAPD and TACFIRE messages.  PM AAH contracted Carmel Applied Technologies Inc (CATI) to incorporate their Digital Messaging Engine in ITEMSTM and Boeing Training and Support Systems to provision automated Longbow/AFAPD digital messaging from the ownship to/from the CGF players and the I/OS early in the MYI Block I AH-64D delivery cycle.  With the successful incorporation of AFAPD messaging, PM AAH contracted Post LOT 4 IDM enhancements that included TACFIRE protocol, FARM report and enhanced I/OS digital messaging and artillery management tools and the ability to port the AMPS mission, navigation and communication load to ITEMSTM for CGF functionality.
The Block II simulator fleet incorporates Joint Variable Message Format (JVMF) digital messaging, Situational Awareness (SA) via the Tactical Internet (TI), Digital Maps and the integration of the High Frequency (HF) radio as well as replacing the ORT with the TADS Electrical Display and Control (TEDAC).  To match the Block II AH-64D, the LCT incorporates additional ITEMSTM enhancements to provide for JVMF and HF Improved Data Modem (IDM) messaging, TI with SA support, and LOT 7 AMPS porting thus ensuring that aviators who are required to be able to function within the TI and manage SA are provisioned to train within the digital battlefield.  The IDM Simulator (IDMSIMTM), developed by Innovative Concepts, Inc. (ICI) originally as an internal software development tool for the IDM software incorporated in the AH-64D and other Army aviation aircraft, is modified by ICI for use in the LCT with each Block II upgrade.
Due to extensive use of 'Radar-Map (“R-MAP"), a Radar Video Display used during IOTE, the LCT demanded a higher fidelity Digital Radar Landmass Simulation (DRLMS) to accurately replicate the FCR Terrain Profiling Mode and Radar video.  Previous DRLMS simulations concentrated on high altitude fixed wing aircraft solutions, not rotorcraft.  Software developers calculated the various antenna scan patterns, sizes and power levels of the Longbow radar antenna and incorporated them into the radar database.  Effects governing radar transmission and returns, target reflectivity, visibility, rainfall, atmospheric and battlefield obscurants are necessary to correctly simulate millimeter wavelength radar operations.  Additionally, the DRLMS emulates the effects of main rotor blade blanking and radar jamming on the transmission and return radar signal.  Various radar-jamming models are simulated.  The LCT is upgrading from its initially fielded Vanguard Radar Image Generator, a product of Evans & Sutherland, to a Multi-Mode Radar Simulator developed by Boeing Training and Support Systems, to provide a higher fidelity, near real emulation of terrain radar imagery based on Government-provided database and digital elevation data.

The LCT required enhancement in facilitating a dynamic explosive brownout / whiteout environment for takeoff and landing operations.  Leveraging from early development of real time colored fog and automating the sensor image quality, the LCT has incorporated a “Select Enable” for the device to automatically invoke a explosive brownout/whiteout based on the LCT’s altitude and airspeed over the appropriate surface material code which enforces aviator’s takeoff and landing skills.

PM AAH has upgraded all fielded LCTs with an improved Infrared Post Processor enhancement to the Image Generator that provided a realistic Night System simulation and is now fully accredited for Night Vision System currency sustainment.

The LCT program shall continue to pursue its aircraft concurrency objectives when the Block III program incorporates additional digital messaging capability, engine and drive train improvements and ASE.  As the Block III aircraft OFP design is changing architecture, significant hardware and software changes are necessary and programmed to provision for performance improvements and mitigate obsolescence and proprietary limitations.  The host computer, visual Image Generator (IG), ITEMSTM host and software as well as hard drive storage capacity are components targeted for upgrade.  These efforts will support improvements in the simulator flight model, increase the number of tactical entities the device is capable of managing, and provision additional or even a world wide database suite that allows for local source data enhancement providing for near instantaneous mission rehearsal capability.  Additionally, the LCT is incorporating the changes necessary for the Modernized TADS - PNVS with Multi-Target Tracker that will be upgraded, as units are equipped.

18 LCTs are fielded to US Army units world wide supporting individual qualification and sustainment training.  A total of 23 U.S Army LCTs are programmed for delivery to USAAVNC and Table of Organization and Equipment (TOE) units.  1 Foreign Military Sales (FMS) LCT has been delivered with several cases pending.  With the last MY II LCT delivered in FY06, current plans provide for establishment of an Operator Trainer Development and Integration Facility at Boeing’s St. Louis facility to continue LCT simulation efforts for Block III.  

Longbow Collective Training System (LCTS) - The AH-64D LCTS is a fully transportable team/company/battalion training device designed to sustain tactical proficiency of AH-64D aircrews and unit staff officers in the performance of collective tasks in a simulated multi-echelon/synchronized combined arms environment.  The LCTS consists of six Tactical Player Stations that accommodate a crew at each station as well as a battle management/Instructor Operator Station, Unit Staff Officer Player stations, integral After Action Review Station and self-contained power and HVAC.  Directly leveraged from the LCT, the LCTS incorporates the aircraft OFP replicating the AH-64D controls, displays, weapons, sensors, ASE and avionics suite, in high fidelity cockpits, with the exception of the aircraft standby instruments and non-tactical controls.  The LCTS employs OTW visual displays supporting the aircrew’s use of their individual IHADSS, providing increased depth perception and visual reference cues.  The LCTS incorporates multiple Government database suites integrated with the ITEMSTM enabling the unit to develop tactical mission scenarios that directly support their METL.    The LCTS has replaced JANUS as the vehicle of choice to train and qualify battalion staff and command personnel by the 21st Cavalry Brigade at Ft. Hood, where the LCTS has been fielded since April 02 supporting the Longbow Unit Training Program and AH-64D collective sustainment training.  .

The LCTS and LCT networking capabilities have paved the way for future live, virtual and constructive simulation platforms and events.  
Airframe, Engine, and Drive Train Systems Trainer-L6 (AEDST-L6) - The AEDST-L6 is a full size replication of the AH-64D with removable components.  Its purpose is to support the training of critical Longbow Apache repairer remove-and-install tasks and skills.  The AEDST-L6 is a hardware trainer with functional modularity, which permits simultaneous task training of airframe, engine, drive, brakes, landing gear, utility, fuel, environmental control, and drivetrain/flight control systems.  It will also support task training associated with troubleshooting as well as removal/replacement of system components.

Multiplex Avionics, Visionics, Weapons, and Electrical Systems Trainer- L7 (MAVWEST- L7) - The MAVWEST-L7 consists of a full size replication of the AH-64D with functional subsystems and a separate Instructor/Operator Station (IOS).  The purpose of the MAVWEST-L7 is to support the training of the Apache Armament/Electrical/Avionics repairers.  Its functional subsystems include the FCR, TADS, PNVS, Integrated Helmet Advanced Display Sensor System, area weapon system, point target weapons system, and 2.75" folding fins aerial rocket delivery system.  Using the fault insertion capability of the IOS, instructors further develop student skills and knowledge in weapons and electrical systems troubleshooting as well as fault isolation techniques.

The Tactical Engagement Simulation System (TESS), a Longbow unique requirement, is currently fielded.  This live simulation is a RTCA system that scores simulated target engagements in force-on-force field exercises at unit, level, home station training and at Combat Training Centers (CTC).  It requires compatibility and interoperability with Multiple Integrated Laser Engagement System (MILES), Air-Ground Engagement System (AGES) and RTCA systems at the CTCs.  The hit-not-killed and killed probabilities closely reproduce those of actual engagements by live ammunition.  The TESS collects, processes, stores, and displays data and information for each event.  It allows MILES laser transmitters to simulate the characteristics of the Area Weapons System (AWS) and Aerial Rocket System (ARS).  It also simulates the indirect fire characteristics of the RF HELLFIRE.  It comes as an embedded (A kit)-appended (B kit) device with selected sites receiving the ground stations.

Another major tool used in this area is the Boeing EDS.  As noted in earlier sections, the Boeing EDS is a state-of-the-art virtual simulator.  It is a twin visual dome simulator designed and built by MDHS.  The domes house pilot and CPG cockpits that are high fidelity exact representations of the AH-64D and the mission software includes a real world threat package.  The visual of each dome presents an Out-the-Window display with a central vision inset slaved to a head tracker.  The MFD and HeadsOut Displays (HOD) present representative sensor videos.  Although the EDS was originally equipped for design trade-off studies, its functionality had inherent value as an operator trainer.  Experimental test pilots were trained in the EDS prior to preliminary airworthiness evaluations.  It provided, during early qualification testing and operator training, individual and crew hands-on training for MFD and Up-front Display (UFD) operation, navigation functions, gunnery procedures, weapons employment, ASE operation, communications, TADS operation, bore sighting and gray scale adjustment, and FCR/RFI procedures.  The EDS simulated Nap-of-the-earth (NOE) flight during full mission scenarios in day, night and adverse weather conditions.  To make the EDS more capable as a trainer, MDHS modified the system in 1993 to increase functional fidelity. The EDS Combat Simulation Control Center (CSCC), four auxiliary player stations, two tactical communication stations and a data collection/reduction system approaches capabilities and complexity of a tactical mission simulator for collective training.  Prior to Force Development Test and Evaluation (FDTE) test player crews, teams and companies trained AH-64D Longbow Apache TTP in the EDS.

Actual aircraft and physics-based High Fidelity Sensors simulations were used to provide M-TADS/PNVS operational familiarization for test pilots during the Engineering and Manufacturing Development (EMD) phase of the contract.  In addition, these simulations were used to support flight test planning, procedure evaluation, rehearsal, test data collection, and recorded rehearsal for post review.  PM Sensors anticipates transfer of simulations into the trainers for M-TADS/PNVS upgrades.

5.2.9   Life Cycle Cost/Operation & Support

The importance of this functional area has grown over the life of the Apache weapon system, including the aircraft, support equipment and TADSS.  During initial development of the Apache A model, life cycle cost was not a major consideration.  Over time, however, the importance of reducing the sustainment burden was recognized and the Apache has become a leader in vigorously attacking life cycle costs.  The Apache Readiness Improvement Program (ARIP) continues to be a model tool in reducing O&S costs.  Blocks I and II of the Longbow program placed high priority on reducing O&S costs, and in Block III, KPP 2 is dedicated to Total System Operations and Support.  M&S tools used in this area are discussed below.

PM Apache Business office (Cost Team) currently use the following tools to estimate life cycle cost: PRICE- S (Software), PRICE-H (Hardware), PRICE-HL (Hardware Life Cycle), SEER-SEM (Software), SEER-H (Hardware), ACEIT, CO$TAT, and COCOMO, along with Excel based applications. Also included would be the Automated Cost Database (ACDB), a database-building tool tied to ACEIT, and WInsight, a cost performance management tool.

· The Automated Cost Estimator Integrated Tools (ACEIT) is used for all official program estimates.

· The PM is evaluating a tool that will provide a direct interface between Pro-E, a CAD tool, and PRICE-H. This tool allows an analyst to get cost estimates when design changes are made in real time.

· The PRICE Suite of software tools has been used to do some trade-off analysis. As additional functionality is added to this package, expect to use it more extensively.

· The PM is considering the use of MOCA for estimating/planning for the affects of obsolescence.

· The PM currently use PRICE-S, SEER-SEM, and COCOMO for use in estimating software resource requirements.

· The PMO has used PRICE-HL in a limited role to estimate O & S costs. Our primary methodologies were developed in-house, using ACEIT.
· CO$TAT is a statistics package designed specifically for cost/price analysis
· COCOMO is a software estimating algorithm/tool based on Dr. Barry Boehm's software engineering book.
PM Sensors used physics-based High Fidelity Sensors simulations to provide the program with a greater than $70M cost avoidance through CY03.  Specific items included Scene Assisted Non-Uniformity Correction (SANUC) replacement of thermal reference sources.  Current evaluations are being conducted on scan mirror removal.

The Army’s Operations Support Management Information System (OSMIS) is used to identify costs of fielded systems.

Boeing uses PRICE and SEER parametric cost estimation suites during system life cycle cost estimating.  Though the tools are not directly linked to engineering design tools, Boeing reconciles cost and design as part of Affordability best practices.  Design trade-off analysis and O&S cost estimating are done using in-house spreadsheet models.  Software cost estimating tools used are SEER-SEM and PRICE-S.    
Lockheed Martin Missiles & Fire Control Production Operations simulation engineers develop factory simulation models to assist Arrowhead with cost savings initiatives and the design of lean production facilities.   The discrete event factory modeling software toolset currently used consists of Delmia Quest (3D) and ProModel Corporation’s ProModel (2D). The output of these tools is both factory part flow animation and statistical reports summarizing model behavior such as machine and labor utilization, throughput, queuing information and part flow time. Lockheed Martin has developed custom source code logics that extend this COTS simulation software, allowing them to incorporate lean manufacturing principles in their simulations.

5.2.10 Survivability and Lethality

This area focuses on the ability of the weapon system to “survive” man-made and environmental events and continue to perform its missions.  It also examines the ability of the weapon system to accomplish its mission relative to the destruction of opposing systems.  The Apache program has met or exceeded the requirements in this area, close coordination with the engineering community will continue to ensure that the requirements in Block III are met.  The government and the contractors are exploring this area at this time.

Boeing uses M&S to address issues related to system survivability.  Survivability (S/V) is composed of both Susceptibility and Vulnerability.  There currently exists an active target description model of the Apache as well as Pk/h component and system level data.  At the discretion of the applicable program, this model is updated to reflect the physical system change(s) such as adding additional LRUs, changing the weapon systems or other hardware upgrades.  The current target description reflects a portion of the Lot 7 program and by the end of this year it will reflect a complete Lot 7, Block II Apache.  The program decides whether to complete the analysis at the top level (entire aircraft) or to analyze only the new aircraft components (rotor blades, SIIRCM etc) against the specified threats.  By using M&S to evaluate the system against the threat, design flaws can be fixed or corrected.  And if the design cannot be changed, then the program at least understands the risks involved in potentially taking damage.

M&S efforts are not only underway to analyze the vulnerability of the aircraft to specified threats, but also to model the battle-damage repair techniques.  Because the different types of M&S programs model the different threats in a variety of ways, being able to compare the aircraft survivability to a certain threat environment has become a necessity.  Boeing’s Battle Damage Assessment (BDA) Model is a conceptual model under development that may have application in assessing survivability.

Boeing-Mesa S/V Analyses are contracted to SURVICE Engineering in Belcamp, MD.  SURVICE currently uses COVART and FASTGEN but are migrating to AJEM, which is the Tri-Service approved M&S program for survivability and lethality modeling.

5.2.11 Test and Evaluation

This functional area has great potential for the effective use of M&S to reduce risk and cost.  High fidelity M&S tools can reduce the preparation and rehearsal time for tests and in some cases actually reduce the number of required trials.  The Apache program has maintained a close relationship with the Army Test and Evaluation Command (ATEC) and will continue this relationship through Block III.  Coordination has been ongoing with ATEC concerning Block III requirements.  Specific Block III T&E requirements will be identified and coordinated with ATEC and other appropriate agencies including the Threat Coordination Group, the Threat Intelligence community and AMSAA through the Technical Interface Working Group (TIWG) process.   M&S tools used in this area are discussed below.

From its onset, the AH-64D Longbow Apache Program has been based on a continuous evaluation methodology designed to identify and resolve critical issues at each stage of development.  

For the FCR, it was decided that a preliminary program would be conducted to determine whether or not radar and signal processing technologies were sufficiently mature to detect and classify targets in clutter. During that program, both the contractor and the Government conducted developmental tests on flight-worthy systems that were not tactically packaged. That preliminary program transitioned into a Proof Of Principle (POP) program in which brassboard tactical systems were developed and tested.  Testing during the POP phase consisted of contractor and Government testing, and culminated with an Early User Test and Evaluation (EUTE) at the end of the POP technical phase.  An IDP that led to the EMD phase followed the POP phase.  

During EMD the Army successfully conducted technical tests, FDTE and IOTE, to assure that the system met performance requirements, was operationally suitable, and that a full support package was defined.  Test design was defined by a joint OSD/Operational Evaluation Command/Army Materiel Command/US Army Training and Doctrine Command Test Integration Working Group to ensure that operational testing and training were adequately resourced.  The US Army Test and Evaluation Command was the technical tester, while US Army Test and Experimentation Command was the operational tester.  The Government provided aircraft, targets, and test ranges.  The Operational Evaluation Command conducted the analysis of the operational test data and the Army Materiel Systems Analysis Activity analyzed the technical test data.  

The Production Phase test program included an AH-64D aircraft First Article Test (FAT), conducted on the first remanufactured AH-​64D, and an FCR FAT, conducted with the FCR installed on the same aircraft used for the aircraft FAT.  In addition, aircraft and FCR component qualification tests that were either deferred or not successfully completed during the EMD phase were completed during the Production Phase Test Program.  Other testing included in the Production Phase Test Program included a Government-conducted Electromagnetic Vulnerability/Hazards of Electromagnetic Radiation to Ordnance (EMV/HERO) test, and a Logistics Demonstration (LD).  

The Longbow Apache program has completed all Production Phase verification testing.  Testing is continuously ongoing to evaluate/validate product improvements.  During FY03, a FAT was conducted on the Improved Strap Pack, a Reliability & Supportability  (R&S) Improvement.  The Improved Strap Pack has been installed on an AH64-D and will continue to be incorporated during the remanufacturing effort.  Representative testing scheduled for Multi-Year II production includes EMV, pre-production flight test, Handling Qualities, Live Fire, Communication Survey Weapons Flight Load Survey, Digital Map Survey, Back-up Control System, and Safety of Flight.  During the M-TADS/PNVS SDD contract, five prototype systems will be produced for testing and evaluation of not only performance but also produceability.  Tests on the M-TADS/PNVS will include Performance Qualification Test; Environmental Qualification Test; Electromagnetic Environmental Effects Qualification; Limited Environmental Test; and Safety of Flight.  The Block III Technical Interface Working Group (TIWG) process is developing test strategies for the Block III insertions.  The TIWG will update the current Apache TEMP to include the Block III insertions
The PM Sensors M&S approach included the development of the physics-based High Fidelity FLIR simulation and the RACRS as a sensor simulation integration test bed.  These tools, along with multi-spectral 3D terrain elevation databases, were used to predict performance issues prior to flight test.  Using these simulations for flight test planning and rehearsal and maturation of PNVS, TADS, and Tracker algorithms resulted in program cost avoidance.

Boeing is using a Model-Simulate-Fix-Test-Iterative approach (an iterative process that integrates simulation and test for the purpose of interactively evaluating improving the design, performance, joint military worth, survivability, suitability, and effectiveness of systems to be acquired and improving how those systems are used) will be used to develop the strategy for test and evaluation. 

The Army and Boeing will also evaluate the EDS to determine its suitability for use in a T&E role.  The primary mission of the EDS is to act as a member of the engineering development team and is responsible for independent verification and validation of hardware and software design and operational concepts prior to flight test and subsequent fielding.  Some of the specific questions that may be answered during Block III full spectrum operational test include:

· Subjective and objective workload data on form fit and function

· Increase or decrease in lethality, survivability, or operational tempo

· Multiple threat environment that is not possible to replicate in the field

· Crew station design evaluation/validation (early identification of design issues)

· Customers input and buy in

· Cost and schedule risk reduction

· Lead the development effort

· Supports SMART M&S efforts

· New or refined TTPs

· Identify product upgrade requirements

· Identify new missions

The Apache PMO will also evaluate whether TESS can be modified to evaluate effectiveness of the improved sensors over extended ranges.  

Rotary Wing Stores Integration (RWSI) is a non-real-time engineering tool utilized by the Aeronautical Engineering Directorate (AED) in conducting stores separation analysis.  It performs a number of integrated functions in the Air Worthiness evaluation process.

· Helicopter maneuver simulation (comprehensive code) using modified version of Evasive Maneuver Criteria Evaluation Code (EVMCEP)

· Loading configuration management

· Separation trajectory calculation

· Miss distance calculation

· Charting & graphing results

· Visualization of results

RWSI has application across the spectrum of Block III aircraft operations including

· Missile firing

· Gun firing

· External stores jettisoning

· Flare dispensing

· Gun casing dispersion

· Debris analysis (launch motors, sabots, etc.)

The PM, AED, and Boeing will use RWSI in preparation, (i.e., Air Worthiness certification), for T&E efforts to evaluate the achievement of the requirement for increased aircraft performance (KPP 3).

Vulnerability T&E will use MUVES (part of AJEM) and ATCOM to evaluate the substantial changes in the Block III aircraft. Rotorblades, transmission, and engines along with avionics will be incorporated into the target description for Apache to produce a block III target description.  ATCOM will be used to examine the scenario impacts.
5.2.12 Advanced Collaborative Environment (ACE)
    This area addresses the procedures and processes necessary to ensure that M&S information can be made available and shared by multiple users.  Collecting, correlating, and managing the information generated by the various Government and contractor elements involved in the Block III effort will be a challenge, and will be addressed by the PM.  Information on many of the M&S tools identified to date are resident in the Army Modeling & Simulation Office (AMSO) Modeling & Simulation Resource Repository (MSRR), this data will be compatible with ACE requirements.  Maximum effort will be made to ensure ACE compatibility for those tools not in the repository.  This area will be addressed in more detail as the contracting process with contractors and the coordination process with government agencies proceeds.  M&S tools used in this area are discussed below. The establishment of the ACE within the PMO will be a major objective of the PM for Apache Block III and the M&S IPT.  Options to be considered include

· Utilizing a portion of the existing Apache website to share information

· Establishment of a separate Block III website

· Utilizing a contractor-hosted website

The importance of providing the appropriate access to each team member was a lesson learned from previous programs and the ACE will be put into place as soon as practical.  Linkages will be provided to other related system such as FCS as the ACE becomes established.

5.3 KPP and Focus Area Capabilities Crosswalk with M&S

Table 8 below depicts the requirements within each KPP/Focus area and identifies the “Enablers” that will facilitate the achievement of these requirements.  The key M&S tools to be used by the Block III team in each area have also been identified.  This portion of the chart will be updated as the program progresses. 

	  KPP/Focus Area
	  Operational Need
	  Enabler(s)
	  Key M&S Tools (Annex D)

	Air-Ground Digital Interoperability / Communications

(KPP 1)
	· Shared COP

· LOS/BLOS/NLOS  

     communications

· Incremental insertion  

· Upgrade capability
	  •  JTRS

  •  Open System      

      Architecture  
	· CASTFOREM

· JANUS

· CTSF

· JITC

	Total System Operations and Support

(KPP 2)
	  •  Reduced maintenance  

      burden

  •  Condition based

      maintenance

  •  Increased system 

     reliability
	  •  701D engines

  •  Improved rotor/ 

        drive

  •  M-TADS; HUMS-

      like ED/EP; AIT; 

      IETM
	· ProE

· Duane Model

· RELEX Software

· NRLA

· COMPASS

	Aircraft Performance

(KPP 3)
	 •  Increased 

      maneuverability  and    

      performance

 •  Increased endurance
	  •  Fly by wire

  •  Improved rotor /  

     drive

  •  701D engines

  •  Ext fuel tanks

  •  Weight reduction
	· EDS

· RWSI



	Multi-spectral Sensors
	  •  Sensor improvements
  •  Maintain range    

     compatibility with  

     munitions
	  •  M-TADS

  •  Level 4 UAV 

  •  Control

  •  RFI improvements

  •  FCR improvements
	· RTS

· PDS

· ProE

	Cognitive Decision Aiding
	  •  Reduce pilot manual 

      workload
	 •  CDA software

 •  Automated battle 

      tasks
	· RTS

· PDS

· EDS


Table 8.  Block III KPP/Focus Areas – M&S Crosswalk  (Note:  Acronyms are listed in Annex B)
5.4 Interoperability 

As applied to M&S, Interoperability is the ability of a model or simulation to provide services to, and accept services from, other models and simulations, and to use the services so exchanged to enable them to operate effectively together.  At a high level, advantages of M&S interoperability include integrated training with systems that were not developed together; the standardization of interface techniques among multiple systems; and the ability to reuse component, system, and theater level models and simulations that were originally developed to support other programs.

The implementation of interface standards supporting interoperability continues to be an incremental process.  An early M&S integration standardization effort was the Simulator Networking, or SIMNET, program.  This program supported collective tank training through identical devices and a common message protocol.  A direct descendent of the SIMNET program was the Distributed Interactive Simulation (DIS) protocol, which primarily supported real-time, entity-level simulation integration.  This standard is heavily used in human-in-the-loop training applications.  The Aggregate Level Simulation Protocol (ALSP) was developed to support distributed staff training through message protocol, time synchronization, and a common object model.  More recently, the High Level Architecture (HLA) has been developed to provide interoperability services for simulations regardless of their level of representation and operation.

The DoD HLA policy states that all new simulation developments shall be HLA compliant, and that all planned significant upgrades to existing simulations be HLA compliant.  Additionally, existing simulations intended to be interoperable shall be HLA compliant based on DoD Component requirements, resources and priorities.  Given these requirements, several M&S assets currently utilized by the Modernized Longbow Apache program have recently been updated to HLA compliance.  It is envisioned that other Modernized Longbow M&S assets will be brought into compliance as requirements and priorities dictate.

The DREN has replaced DIS and networks all of the Department of Defense (DoD) tactics and doctrine centers throughout the United States and links combat units in Europe and Asia.  The Apache and Longbow player simulators will be on-line in real-time with the network through DREN.  Operational analyses will be performed during these real-time simulations.  Additionally, DoD now requires all new simulators to be compliant with HLA to facilitate platform networking.  LCT completed HLA evaluation and was certified compliant in April 03.

6.  Authoritative System Representation (ASR) 

The purpose of the Modernized Longbow Block III Authoritative System Representation is to describe the system requirements and capabilities in a standard manner to facilitate M&S reuse.  The ASR will be a top priority of the M&S IPT; it will be completed using data derived from the members, the ASR will be available through the ACE.  As requirements and capabilities change, this section will be updated to ensure that a complete and consistent system specification is identified for the modeler. 

The Block III aircraft is the latest iteration of the AH-64D Apache attack helicopter.  It is a twin engine (GE 7-700-GE-701D), four-bladed, tandem seat, attack helicopter.  Weapons systems include HELLFIRE missiles, 2.75” rockets and 30mm chain gun.  It is equipped with the combination FCR and RFI, an advanced navigation and avionics suite that provide increased situational awareness lethality and survivability.    Apache provides the maneuver commander a highly mobile and lethal aerial weapons platform with an array of armaments to destroy armor, personnel and materiel targets day or night and under obscured battlefield and/or adverse weather conditions.

PM Block III is evaluating existing M&S tools such ATCOM to determine whether they can be made suitable for use in other M&S applications.  For information concerning the Modernized Block III aircraft, contact PM Apache Block III.

7.  Management of M&S Resources 

Modernized Longbow specific simulation efforts will be managed in the same manner that weapon system efforts are managed, i.e., under the auspices of the Product Manager, Apache Block III.  The Integrated Product Team (IPT) concept will be utilized to maximize the effectives of M&S activities.  The PM Apache Block III will serve as the lead for the IPT with representation from within the PMO, contractors, other Project Offices, and all major stakeholders in order to ensure close coordination and collaboration among the agencies involved in developing, testing, training and fielding the Block III aircraft.   The IPT will be responsible for evaluating M&S tools including whether the models have been VV&A’d in the past, and whether they adhere to HLA requirements.  
7.1 Management Organization

Figure 8 depicts the management structure and key personnel for the overall Apache and the Modernized Longbow Block III program.

Figure 8 Apache Project Management Office
















7.1.2 Contractors

Principal contractors for the major areas of the Modernized Longbow are depicted in Figure 9.


[image: image15]Figure 9. Modernized Longbow Major Subsystem Contractors
7.2 Resources and Cost 

These requirements will be determined as the contractors identify and refine the M&S tools to be used in each functional area and they are approved by the PM.  Costs associated with the use of M&S tools owned by the USG have not been identified because these models have been provided historically to the PM at no cost. Should this change, the costs will be included in future budget estimates

7.2.1 Facilities/Equipment Requirements

The Block III M&S IPT will evaluate a number of government and contractor facilities, and M&S tools to determine their utility in supporting the Block III effort. Listed below are brief descriptions of selected existing and planned facility and equipment requirements for ongoing and future modeling and simulation efforts addressed in this plan.  

· Boeing Mesa  - AIL
· Boeing Philadelphia Rotary wing simulation facility

· Central Technical Support Facility (CTSF), Ft Hood
· Joint Interoperability Test Center (JITC), Ft. Huachuca 

· AMTF (Aviation Missile Test Facility (AMTF), White Sands Proving Ground

· RACRS in Huntsville, Al

This section will be expanded as additional information is identified by the IPT.

7.2.1.1 Boeing Engineering Development Simulator (EDS)

The Boeing-owned EDS is located in the Boeing plant in Mesa, AZ.  The EDS is a part task/part mission and full mission capable device that replicates the aircraft utilizing a combination of actual aircraft hardware and software.  Physical components consist of a pilot and co-pilot stations located within 20-foot domes that are electronically connected to produce a single simulated aircraft capable of full spectrum operational testing.  The mission environments consist of aircraft flight, mission and communications systems along with doctrinally and tactically correct red and blue players.

The PM and Boeing will evaluate EDS to determine its potential roles in supporting the Block III effort and to ascertain the required modifications and cost associated with the upgrades.  The EDS has played a key role in the Apache program, it is expected that the EDS will be a major factor in Block III.

7.3 Data Sources

Government data sources such as AMSAA and contractor sources will be used to support the Block III M&S effort.  Additional detail will be included in this area as the M&S IPT begins it work and additional M&S data sources are identified.
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Acronyms

	A160
	Small Unmanned Air Vehicle

	A2
	Anti-Armor

	A2ATD
	Anti-Armor Advanced Technology Demonstrator or Demonstration

	AAA                          
	Anti-Aircraft Artillery 

	AAH
	Advanced Attack Helicopter (Became Apache)

	AASLT TF
	Airborne Assault Task Force

	AATD
	Aviation Applied Technology Directorate

	AAWWS
	Airborne Adverse Weather Weapon System

	ACAT                       
	Acquisition Category 

	ACE                            
	Advanced Collaborative Environment 

	ACEIT                        
	Automated Cost Estimating Integrated Tool 

	ACR               
	Advanced Concepts and Requirements 

	ACT
	Apache Crew Trainer

	ACTS
	Apache Crew Trainer System

	AD                            
	Air Defense 

	AED
	Aeronautical Engineering Directorate

	AEDST-L6                 
	Airframe, Engine, and Drive Train Systems Trainer-L6 

	AET
	Armament/Electrical Trainer

	AFAPD
	Air Force Applications Program Development

	AFCVT
	Armament/Fire Control/Visionics Trainer

	AFDD
	Aero Flight Dynamics Directorate

	AFV                          
	Armor Fighting Vehicles 

	AGES
	Air and Ground Engagement System

	AGMS                     
	Air-to-Ground-Missile-Systems 

	AIL                          
	Avionics Integration Lab 

	AIT                   
	Automatic Identification Technology 

	AITP
	Apache Integrated Training Program

	AIU
	Aircraft Interface Units

	ALES
	Air-Land Engagement Simulation

	ALSP
	Aggregate Level Simulation Protocol

	AMPS 
	Aviation Mission Planning Station

	AMSAA
	Army Materiel Systems Analysis Activity

	AMSO
	Army Modeling and Simulation Office

	AMTF            
	Aviation Missile Test Facility

	AoA                           
	Analysis of Alternatives 

	APKWS                  
	Advanced Precision Kill Weapon System 

	APS
	Apache Player Station

	ARBSCAT     
	Arbitrary Scattering 

	ARI
	Aviation Restructure Initiative

	ARIP
	Apache Readiness Improvement Program

	ARL
	Army Research Laboratory

	AROC
	Army Requirements Oversight Committee

	ARS
	Aerial Rocket System

	ASAP
	Aircrew System Application Panel

	ASARC
	Army Systems Acquisition Review Council

	ASE
	Aircraft Survivability Equipment

	ASEM           
	Advanced Simulation End-Game Models

	ASET
	Aircraft Survivability Equipment Trainer

	ASR                     
	Authoritative System Representation 

	ATA                        
	Air-to-Air 

	ATB
	Aviation Test Bed

	ATCOM
	U.S. Army Aviation and Troop Command or Advance Tactical Combat Model (Boeing)

	ATD
	Advanced Technology Demonstrator or Demonstration

	ATEC
	Army Test and Evaluation Command

	AVCATT
	Aviation Combined Arms Tactical Trainer

	AVIM
	Aviation Intermediate Maintenance

	AVTOC
	Aviation Tactical Operations Center

	AVUM
	Aviation Unit Maintenance

	AWE
	Advanced Warfighting Experiments

	AWS
	Area Weapons Systems

	AWSS
	Area Weapons Scoring System

	BC
	Battle Command

	BDA                      
	Battle Damage Assessment 

	BEFLYRT
	Blade Element - Fly Real Time

	BEMAP
	Blade-Element Model

	BIT                         
	Built-in-Test 

	BLOS               
	Beyond Line of Sight 

	BMC3
	Battle Management Command and Control Communications

	BMDO         
	Ballistic Missile Defense Organization 

	BRLCAD      
	Ballistic Research Laboratory CAD Package 

	C4ISR


	Command, Control, Communications, Intelligence, Surveillance, & Reconnaissance

	CAD
	Computer Aided Design

	CAE
	Computer Aided Engineering

	CAGIS         
	Cartographic Analysis and Geographic Information System 

	CASTFOREM
	Combined Arms and Support Task Force Evaluation Model

	CATI
	Carmel Applied Technologies Inc.

	CATIA          
	Computer Aided Three-Dimensional Interactive Application 

	CATT
	Combined Arms Tactical Trainer

	CBI
	Computer Based Instruction

	CBM
	Condition Based Maintenance

	CCTT
	Close Combat Tactical Trainer

	CDA                        
	Cognitive Decision Aiding 

	CDD
	Capability Development Document

	CEAC
	U.S. Army Cost and Economic Analysis Center

	CECOM
	U.S. Army Communications and Electronics Command

	CGF
	Computer Generated Forces

	CHAMP        
	Helicopter flight dynamics program used to determine the actual

	CID                          
	Combat Identification 

	CIFER
	Comprehensive Identification from Frequency Response

	CLS
	Contractor Logistical Support

	CMS
	Combat Mission Simulator

	COCOMO
	Constructive Cost Model

	COEA          
	Cost and Operational Effectiveness Analysis 

	COMPASS
	Computerized Optimization Model for Predicting and Analyzing Support Structures

	CONUS
	Continental United States

	COP                        
	Common Operating Picture 

	CO$TAT
	Cost Estimating Model 

	COTS                     
	Commercial Off the Shelf 

	COVART     
	Computation of Vulnerable Area and Repair Time 

	CPG
	Copilot/Gunner

	CRD                         
	Capstone Requirements Documents 

	CROP              
	Common Relevant Operating Picture 

	CRT
	Cathode Ray Tube

	CSC
	Conventional Systems Committee

	CSCC
	Combat Simulation Control Center

	CSDV3
	Crew Station Design Validation Evaluation 3

	CSIDS
	Crew Station Interface Design Studies

	CSRDF
	Crew Station Research and Development Facility

	CT
	Composite Trainer

	CTC
	Combat Training Center

	CTD
	Critical Technology Demonstration

	CTSF             
	Central Technical Support Facility 

	CWEPT
	Cockpit, Weapons, Emergency Procedures Trainer

	DPP
	Development/Production Prove out

	DAB
	Defense Acquisition Board

	DARPA
	Defense Advanced Research Projects Agency

	DCD                          
	Directorate of Combat Developments 

	DFM/A
	Design For Manufacturing/Assembly

	DIA
	Defense Intelligence Agency

	DIS
	Distributed Interactive Simulation

	DoD
	Department of Defense

	DOF
	Degrees of Freedom

	DOORS            
	Dynamic Object-Oriented Requirements System

	DOTMLPF
	Doctrine, Organization, Training, Materiel, Leadership & Education, Personnel and Facilities

	DREN
	Defense Research and Engineering Network

	DRLMS
	Digital Radar Landmass Simulation

	DSABL CEP
	Depth and Simultaneous Attack Battle Lab – Circular Error of Probability (Ft Sill)

	DSI
	Defense Simulation Internet

	DT
	Development Test

	DTV
	Day Television

	DVO
	Direct View Optics

	DYTRAN      
	A nonlinear explicit finite element model 

	EA
	Engagement Area

	EADSIM      
	Extended Air Defense Simulation 

	EADTB        
	Extended Air Defense Test bed 

	ECA                        
	Electronics Circuit Assemblies 

	ECP
	Engineering Change Proposal

	ED                     
	Embedded Diagnostics

	EDS
	Engineering Development Simulator

	EFABs                 
	Expanded Forward Avionics Bays 

	EMD
	Engineering and Manufacturing Development

	EMV/Hero
	Electromagnetic Vulnerability/Hazards of Electromagnetic Radiation to Ordnance

	EO                           
	Electro Optical 

	EOSAEL     
	Electro-Optical Systems Atmospheric Effects Library 

	EP                     
	Embedded Prognostics

	ESAMS         
	Enhanced Surface-to-Air Missile Simulation 

	EUTE
	Early User Test and Evaluation

	EVADE        
	Evaluation of Air Defense Effectiveness 

	EVMCEP
	Evasive Maneuver Criteria Evaluation Code

	EW
	Electronic Warfare

	FASTGEN     
	Target description computer program 

	FAT
	First Article Test

	FCPTT
	Flight Controls Part Task Trainer

	FCR
	Fire Control Radar

	FCS                         
	Future Combat System 

	FDDCE
	Face Development Data Collection Effort

	FDTE
	Force Development Test and Evaluation

	FF
	Future Force

	FLCPT
	Flight Control/Powertrain Trainer

	FLIR
	Forward Looking Infrared

	FLYRT
	Fly Real Time

	FMECA                   
	Failure Modes and Effects and Criticality Analysis 

	FMS
	Foreign Military Sales

	FOTE
	Follow On Test and Evaluation

	FUE
	First Unit Equipped

	GATM                      
	Global Air Traffic Management 

	GERDEC
	CECOM Research, Development and Engineering Center

	GIG                          
	Global Information Grid 

	GTD              
	Geometrical Theory of Diffraction 

	GTS
	Ground Target Simulator

	HAWFCAR
	Helicopter Adverse Weather Fire Control/Acquisition Radar

	HAWTADS
	Helicopter Adverse Weather Target Acquisition and Designation System

	HDD
	Heads Down Display

	HEATTRAN
	Heat Transfer Model

	HELMATES
	Helicopter Maneuver Tactical Engagement Simulation

	HF
	High Frequency (Radio)

	HF/CAE 
	Human Factors/Computer Aided Engineering 

	HLA
	High Level Architecture

	HMD
	Helmet Mounted Display

	HOD
	Heads Out Display

	HQDA
	Headquarters Department of the Army

	HTM
	HELLFIRE Training Missile

	HUD
	Heads Up Display

	HTI
	Horizontal Technology Insertion

	HWIL
	Hardware-In-the-Loop

	I/OS
	Instructor Operator Station

	IAT
	Integrated Avionics Trainer

	IAW                       
	In Accordance With 

	ICT
	Integrated Concept Team

	ICW
	Interactive Courseware

	IDEEAS                  
	Interactive Distributed Engineering Evaluation and Analysis System

	IDM
	Improved Data Modem

	IDP
	Initial Design Phase

	IDSIMTM
	Improved Data Modem Simulator

	IER                      
	Information Exchange Requirement

	IFF
	Identification, Friend or Foe

	IHADSS
	Integrated Helmet and Display Sighting System

	ISR
	Intelligence, Surveillance, & Reconnaissance

	IITV
	Image Intensified Television 

	ICI
	Innovative Concepts

	IG
	Image Generator

	IOC
	Initial Operational Capability

	IOS                            
	Instructor/Operator Station 

	IOTE
	Initial Operational Test and Evaluation

	IPD
	Integrated Product Development

	IPR
	In-Process Review

	IPT
	Integrated Product Team

	IR
	Infrared

	ITEMSTM
	Interactive Tactical Environment Management System

	JACMM             
	Joint Aviation Common Modular Missile

	JANUS                     
	Multi Purpose near real time interactive war game 

	JCATS
	Joint Conflict and Tactical Simulation

	JCM                        
	Joint Common Missile 

	JITC            
	Joint Interoperability Test Center

	JMASS         
	Joint Modeling and Simulation System 

	JROC                        
	Joint Requirements Oversight Committee 

	JSTARS
	Joint Surveillance and Target Attack Radar System

	JTRS                       
	Joint Tactical Radio System 

	JV
	Joint Venture

	JVMF
	Joint Variable Message Format

	KPP                      
	Key Performance Parameter 

	LAM
	Loiter Attack Missile

	LBA
	Longbow Apache

	LBITP
	Longbow Integrated Training Program

	LBHMMS
	Longbow HELLFIRE Modular Missile System

	LBL
	Longbow Limited Liability Company (JV Lockheed Martin & Northrop Grumman)

	LBWS,
	Longbow Weapons System

	LCDSTT
	Longbow controls and Displays Selected Task Trainer

	LCT
	Longbow Crew Trainer

	LCTP
	Longbow Crew Trainer Prototype

	LCTS
	Longbow Collective Training System

	LD
	Logistics Demonstration

	LDWSS                   
	Laser Designation Weapon System Simulation 

	LFTE
	Live Fire Test and Evaluation

	LHX
	Light Helicopter Experimental (Became Comanche)

	LMMFC
	Lockheed Martin Missiles and Fire Control

	LMSI
	Lockheed Martin Systems Integration (Builds RFI)

	LOAL
	Lock-0n After Launch

	LOBL
	Lock-0n Before Launch

	LORA
	Level Of Repair Analysis

	LOS                   
	Line of Sight 

	LPS
	Longbow Player Station

	LPT
	Longbow Procedural Trainer

	LRIP
	Low Rate Initial Production

	LRM
	Line Replacement Module

	LRU
	Line Replaceable Unit

	LVC                         
	Live, Virtual and Constructive 

	LZ
	Landing Zone

	M&S
	Modeling and Simulation

	MAA
	Mission Area Analysis

	MANPADS               
	Man Portable Air Defense Systems 

	MAPES
	Multiple Aircraft Penetration and Engagement Simulation

	MAT
	Multisensor Aided Targeting

	MATLAB
	Matrix Laboratory (Mathworks, Inc)

	MAVWEST L7
	Multiplex Avionics, Visionics, Weapons, & Electrical System Trainer L7

	MDHS
	McDonnell Douglas Helicopter Systems

	MEDL
	Mission Equipment Development Laboratory

	MEP
	Mission Equipment Package

	METL
	Mission Essential Task List

	MFD
	Multi-Function Display

	MICOM
	U.S. Army Missile Command

	MIDAS
	Man-machine Integration Design & Analysis System

	MILES
	Multiple Integrated Laser Engagement System

	MILSIM        
	Missile Lethality Simulation

	MMA
	Mast-Mounted Assembly

	MMH/FH
	Maintenance Man Hour per Flight Hour

	MMW
	Millimeter Wave Radar

	MN
	Materiel Need

	MNA
	Materiel Needs Analysis

	MOCA                       
	Mitigation of Obsolescence Cost Analysis 

	ModSAF                
	Modular Semi-Automated Forces 

	MP
	Mission Processor

	MPTQ                     
	Manpower Personnel Training and Qualitative 

	MR
	Main Rotor

	MS-111
	Milestone III

	MSIC             
	Missile and Space Intelligence Center 

	MSRR
	Modeling & Simulation Resource Repository

	MSS
	Millimeter Wave Simulation System

	M-TADS/PNVS
	Modernized Target Acquisition Detection System/Pilot Night Vision Sensor

	MTBF                     
	Mean Time Between Failure 

	MTBR
	Mean Time Between Removal

	MTT
	Multi Target Tracker

	MTTR                    
	Mean Time to Repair 

	MUVES
	Modular Unix-based Vulnerability Estimation Suite

	NASA
	National Aeronautics and Space Administration

	NDT
	Non Destructive Test

	NG
	Northrop Grumman

	NLOS               
	Non-Line of Sight 

	NMD
	National Missile Defense

	NOE
	Nap-Of-The-Earth

	NRLA                    
	Network Repair Level Analysis

	NTC
	National Training Center

	NVIITV
	Night Vision Image Intensified Television

	O&S
	Operations and Support

	OBJ
	Objective

	OEF
	Operation Enduring Freedom (Afghanistan)

	OEM               
	Original Equipment Manufacturer

	OIF
	Operation Iraqi Freedom

	OFP
	Operational Flight Profile

	OMS
	Operational Maintenance Services

	OneSAF
	One Semi-Automated Forces

	OPTEC
	Operational Test and Evaluation Command

	OPTEMPO
	Operational Tempo (Usage)

	ORD
	Operational Requirements Document

	ORT
	Optical Relay Tube

	OSAMM
	Optimum Supply and Maintenance Model

	OSA
	Open Systems Architecture

	OSD                        
	Office of the Secretary of Defense 

	OT
	Operational Testing

	OTB                       
	OneSAF Test bed Baseline

	OTC
	Operational Test Command

	OTIS                      
	Operational Test & Information System 

	OTW
	Out-The-Window

	PA
	Pressure Altitude

	PACOM
	U.S. Army Pacific Command

	PATS
	Portable Adaptive Test Set

	PBL
	Performance Based Logistics

	PC
	Personal Computer

	PD
	Preliminary Design

	PDU
	Programmable Data Unit

	PEO
	Program Executive Office / Program Executive Officer

	PITL
	Pilot In The Loop

	PK
	Probability of Kill

	PM
	Program Manager, Project Manager or Product Manager

	PMO
	Program, Project, or Product Management Office

	PNVS
	Pilot Night Vision Sensor

	PO                
	Physical Optics 

	POP
	Proof of Principle

	PPQT
	Preproduction Qualification Test

	PTD             
	Physical Theory of Diffraction 

	R&D
	Research and Development

	R&S
	Reliability & Supportability

	RACRS
	Risk And Cost Reduction System

	RADGUNS             
	Radar Controlled Guns 

	RAH
	Reconnaissance Attack Helicopter

	RAM
	Reliability, Availability and Maintainability

	RCAS                   
	Rotorcraft Comprehensive Analysis System 

	RCRCS                  
	Rotor Craft Radar Cross Section 

	RDA
	Research, Development and Acquisition

	RDEC
	Research, Development and Engineering Center

	REU                        
	Radar Electronics Unit Program 

	RF
	Radar Frequency

	RFI
	Radar Frequency Interferometer

	RF Tag
	Radio Frequency Tag (Part of Ground Combat Identification)

	RJARS                   
	Rand’s Jamming and Radar Simulation 

	R-Map
	Radar Map

	ROCV
	Recognition Of Combat Vehicles

	RPA
	Rotorcraft Pilots' Associate

	RTCA
	Real-Time Casualty Assessment

	RWSI                      
	Rotary Wing Stores Integration 

	SA
	Situational Awareness

	SAFE                     
	Stochastic Analysis of Fragment Effects 

	SAG
	Study Advisory Group

	SAL
	Semi-Active Laser

	SAL-HTM
	Semi-Active Laser - HELLFIRE Training Missile

	SAM                        
	Surface to Air Missiles 

	SANUC
	Scene Assisted Non-Uniformity Correction

	SATCOM
	Satellite Communications

	SBA                       
	Simulation Based Acquisition 

	SDD
	System Design & Development

	SEER-SEM
	Commercial Software Estimation, Planning and Control Model

	SESAME
	Selected Essential Item Stockage for Availability Method

	SIG2D                   
	2-Dimensional Signature

	SIMNET
	Simulation Network

	SIIRCM
	Suite of Integrated Infrared Counter Measures

	SLAD
	Survivability / Lethality Analysis Directorate

	SMART
	Simulation and Modeling for Acquisition, Requirements and Training

	SME 
	Subject Matter Expert

	SMG                         
	Scoring Model Group 

	SSDD          
	System Simulation and Development Directorate 

	SSP
	Simulation Support Plan

	STAR
	Systems Threat Analysis Report

	STE
	Software Testing Environment

	S/V
	Survivability & Vulnerability

	SW
	Software

	SWP
	Software Package

	T/RACES 
	Terrain/Rotorcraft Air Combat Evaluation Simulation 

	TACALES
	Tactical Air Combat Air-Land Engagement Simulation

	TACFIRE
	Tactical Fire Direction

	T&E
	Test & Evaluation

	TADS
	Target Acquisition Designation Sight

	TADS/PNVS
	Target Acquisition Designation Sight/Pilot Night Vision Sensor

	TADSS
	Training Aids, Devices, Simulators and Simulations

	TAFSM
	Target Acquisition Fire Support Model

	TAMD                      
	Theater Air and Missile Defense 

	TAWL                   
	Task Analysis/Workload 

	TEC
	TEXCOM Experimentation Center

	TEDAC
	TADS Electrical Display and Control

	TEL
	Transporter Erector Launcher

	TEMP
	Test & Evaluation Master Plan

	TESS
	Tactical Engagement Simulation System

	TEXCOM
	Test and Experimentation Command

	TI
	Tactical Internet

	TIWG
	Technical Interface Working Group

	TME
	Training Missile Emulator

	TOE
	Table of Organization and Equipment

	TOPCAT
	Tactics Optimization and Combat Analysis

	TOSS                    
	Task Analysis Workload Operator Simulation System 

	TQM
	Total Quality Management

	TRAC
	TRADOC Analysis Center

	TRADOC
	U.S. Army Training and Doctrine Command

	TRTLGPTT
	Tail Rotor and Tail Landing Gear Part Task Trainer

	TSM                          
	TRADOC System Manager 

	TSTT
	TADS Selected Task Trainer

	TTP
	Tactics, Techniques and Procedures

	TUAV
	Tactical Unmanned Aerial Vehicle

	UA                           
	Unit of Action 

	UAMBL
	UA Mounted Battle Lab (Ft. Knox)

	UAV                         
	Unmanned Aerial Vehicle

	UDM
	User Data Module

	UE                           
	Unit of Employment 

	UFD
	Up-Front Display

	USG                
	U.S. Government 

	USAAVNC
	U.S. Army Aviation Center

	VAPS                    
	Virtual Application Prototyping System 

	VIC
	Vector In Command

	VICTAR             Video Imaging Capture And Recording

	VVA                   Verification, Validation and Accreditation

	WARSIM 2000   War Fighter Simulation. Will replace Corps Battle Simulation with HLA compliant / JSIMS              simulation.

	WNW
	Wideband Network Waveform

	WSMR
	White Sands Missile Range

	XPATCH              
	Family of high frequency radar signature prediction codes


Appendix C

Definitions

Note:  This section will be expanded as necessary to ensure clarity based on user comments. 

Accreditation 

The official certification that a model or simulation is acceptable for use for a specific purpose.  

Advanced Concepts and Requirements (ACR) Domain

One of the three domains for Army M&S applications, ACR includes experiments with new concepts and advanced technologies to develop requirements in doctrine, training, leader development, organizations, materiel and soldiers that will better prepare the Army for future operations.  ACR evaluates the impact of horizontal technology integration through simulation and experimentation using real soldiers in real units. 

Analysis of Alternatives (AoA)

A study conducted to provide support for acquisition decisions in the acquisition cycle.  The AoA illuminates the relative advantages and disadvantages of the alternatives being considered showing the sensitivity of each alternative to possible changes in key assumptions,(for example, threat) or variables (for example, performance capabilities).  There shall be a clear linkage between the AoA, system requirements, and system evaluation measures of effectiveness. 

Authoritative System Representation (ASR)

A description of a system's performance and behavior and its interaction with the environment.  

Collaborative Environment (CE)

Within the context of SMART, a collaborative environment (CE) is an enduring collection of subject matter experts (SMEs) supported by interoperable tools and databases, authoritative information resources, and product/process models that are focused on a common domain or set of problems. 

Distributed Product Descriptions (DPDs)

A distributed collection of product-centric information that is interconnected via web technology into what appears (to the user) to be a single, logically unified product representation.  DPDs are composed primarily of three types of information: product data, product models, and process models.  Product data specifies the characteristics of a product at any point in its development cycle, including requirements, program management data, cost data, engineering data, manufacturing data, and test data.  Product models are authoritative representations of a product's behavior and/or performance.  Process models are used to define the business operations necessary to define, develop, manufacture, deploy, and dispose of the product throughout its life cycle.  DPDs may also contain other relevant product-related information, such as functional descriptions of product behavior and various categories of applicable metadata (for example, VV&A status). 

High Level Architecture (HLA)

Major functional elements, interfaces, and design rules, pertaining, as feasible, to all DoD simulation applications, and providing a common framework within which specific system architectures can be defined. 

Integrated Concept Team (ICT)

An integrated team made up of representatives from multiple disciplines formed for the purposes of developing operational concepts, developing materiel requirements documents, developing other DOTLMPF requirements documents, when desired, and resolving other requirements. 

Integrated Product Team (IPT)

A working-level team of representatives from all appropriate functional disciplines working together to build successful and balanced programs, identify and resolve issues, and  provide recommendations to facilitate sound and timely decisions.  IPTs may include members from both Government and industry, including program contractors and sub-contractors.  Mandatory procedures for IPTs in the oversight and review process are described in the Defense Acquisition Guidebook (formerly the DoD 5000.2R), available at http://dod5000.dau.mil.

Live, Virtual, and Constructive Simulation

The categorization of simulation into live, virtual, and constructive is problematic, because there is no clear division between these categories.  The degree of human participation in the simulation is infinitely variable, as is the degree of equipment realism.  This categorization of simulations also suffers by excluding a category for simulated people working real equipment (for example, smart vehicles). 


a. Live Simulation.  A simulation involving real people operating real systems. 


b. Virtual Simulation.  A simulation involving real people operating simulated systems. Virtual simulations inject human-in-the-loop in a central role by exercising motor control skills (for example, flying an airplane), decision skills (for example, committing fire control resources to action), or communication skills (for example, as members of a C4I team).         

c. Constructive Model or Simulation.  Models and simulations that involve simulated people operating simulated systems. Real people stimulate (make inputs) to such simulations, but are not involved in determining the outcomes.

Modeling and Simulation

The development and use of live, virtual, and constructive models including simulators, stimulators, emulators, and prototypes to investigate, understand, or provide experiential stimulus to either (1) conceptual systems that do not exist or (2) real life systems which cannot accept experimentation or observation because of resource, range, security, or safety limitations. This investigation and understanding in a synthetic environment will support decisions in the domains of research, development, and acquisition (RDA) and advanced concepts and requirements (ACR), or transfer necessary experiential effects in the training, exercises, and military operations (TEMO) domain. 

Netcentric

The expression Netcentric Warfare (NCW) is used to describe the technological and strategic changes in the defense field. NCW implies that the combined developments in three areas - information gathering, decision support and precision engagement - are leading the current comprehensive changes in the modus operandi of defense forces.  [image: image16.png]


Network-centric operations are military operations that are enabled by access to a new, previously unreachable region of the information domain. The ability to operate in this region provides warfighters with a new type of information advantage, an advantage broadly characterized by significantly improved capabilities for sharing and accessing information.   Network-centric warfare enables warfighters to leverage this information advantage to dramatically increase combat power through self-synchronization and other network-centric operations.
Process Models
A depiction of the processes and activities relevant to operating an enterprise. For instance, the specification of design processes is necessary to fully define the systems engineering approach to be used to iterate and mature the product design over multiple cycles. The specification of manufacturing processes is necessary to define the low-level procedures needed to fabricate and assemble a product and also to enable the identification of appropriate aggregations of these low-level sub-processes that together specify the overall flow of control on the factory floor.  Process models for test and evaluation (for example, STEP), operational support, VV&A, and standard business practices are also necessary to fully define an enterprise.  A wide range of tools may apply these process models for the purpose of optimization and implementation. 

Product Data

Any information that describes the current state of a product specification at any point in the systems acquisition process.  This would include requirements data, engineering data, cost data, manufacturing data, logistics data, and whatever other types of data are required to fully define the product.  This information is captured and made globally and instantly accessible to all members of distributed IPTs via DPDs. 

Product Models 

Authoritative representations of product behavior and performance.  Each product model identified in a DPD can reference an actual software implementation of the product (data and methods) that has been developed to operate in a specific static analysis tool or dynamic virtual environment.  For instance, a single DPD for a radar system might reference several different product models, each of which is intended for use in different simulation systems.  Alternatively, product behavior may also be represented via appropriate algorithms, which have not been implemented in software.  Each product model is based on a common functional and operational description (included in the DPD) that provides the basis for verification and validation of the model.  The results of V&V testing and the level of sponsor accreditation currently associated with the model are additional categories of product data included in a DPD. 

Research, Development, and Acquisition (RDA) Domain

One of the three domains for Army M&S applications.  The RDA domain includes all M&S used for design, development, and acquisition of weapons systems and equipment.  M&S in the RDA domain are used for scientific inquiry to discover or revise facts and theories of phenomena, followed by transformation of these discoveries into physical representations.  RDA also includes test and evaluation (T&E) where M&S are used to augment and possibly reduce the scope of real world T&E. 

Simulation
A method for implementing a model(s) over time. 

Simulation Support Plan (SSP)  

Documents the implementation of SMART for systems and the planned use of M&S throughout the system’s life cycle.
SSP Proponent
The SSP Proponent is responsible for developing, maintaining, implementing and updating the SSP.  The combat developer proponent member of the Integrated Concept Team is the SSP Proponent until a PM is appointed, at which time the PM becomes the SSP Proponent.  
Simulator 

a. A device, computer program, or system that performs a simulation.

b. For training, a device that duplicates the essential features of a task situation and provides for direct practice. 

c. For Distributed Simulation, a physical model or simulation of a weapons system, set of weapons systems, or piece of equipment that represents some major aspects of the equipment's operation. 

Simulation and Modeling for Acquisition, Requirements and Training (SMART) 

A change in Army business practices, through the exploitation of emerging M&S and other information age technologies, to ensure collaboration and synchronization of effort across the total Army systems life cycle.

SMART Planning Guidelines (SPG)
Provides detailed guidance on implementing SMART and planning simulation support, and documenting both activities in an SSP.  Current version is dated 20 September 2002.  

Stimulator

a. A hardware device that injects or radiates signals into the sensor system(s) of operational equipment to imitate the effects of platforms, munitions, and environment that are not physically present.

b. A battlefield entity consisting of hardware and/or software modules, which injects signals directly into the sensor systems of an actual battlefield entity to simulate other battlefield entities in the virtual battlefield. 

Synthetic Environment. 

Internet simulations that represent activities at a high level of realism from simulations of theaters of war to factories and manufacturing processes.  These environments may be created within a single computer or on a distributed network connected by local and wide area networks and augmented by realistic special effects and accurate behavioral models.  They allow visualization of and immersion into the environment being simulated. 

Training, Exercises, and Military Operations (TEMO) Domain

One of the three domains for Army M&S applications. TEMO includes most forms of training at echelons from individual simulation trainers through collective, combined arms, joint, and/or combined exercises.  TEMO includes mission rehearsals and evaluations of all phases of war plans.  Analysis conducted during a rehearsal or evaluation validates the plan as well as the simulation environment will allow. 

Validation 

The process of determining the extent to which an M&S is an accurate representation of the real world from the perspective of the intended use of the M&S.  Validation methods include expert consensus, comparison with historical results, comparison with test data, peer review, and independent review.  

Verification 

The process of determining that an M&S implementation accurately represents the developer's conceptual description and specifications.  Verification evaluates the extent to which the M&S have been developed using sound and established software engineering tec

Appendix D.

Note:  

1. Some models used by other systems have been included for information, if they are not selected by Block III, they will be deleted during future updates

2. Detailed information on M&S tools utilized in support of the Block III effort will be provided to the MSRR repository 

Descriptions of Models, Simulations & Other Simulation Support Tools
Models and Simulations

(MSRR Format)

Brief Description

Title:

Acronym:

Version:

Submitter:

Indicate the Proponent:

Provide a Summary (Maximum 800 characters):

Please enter a full Description:

Model Type:  (Constructive, Live, Virtual)

How to Obtain

Please explain any specific directions needed to obtain (or gain access to) this item:

What is the URL to access this resource?

What is the Related URL (if any)? (Example, http//www.DoD.mil/resource.html):

Additional Information

Management Domain:  (Advanced Concepts and Requirements (ACR); Research, Development, and 

                                     Acquisition (RDA); Training, Exercise, and Military Operations (TEMO))

Identify the Acquisition Category (ACAT):

Program Evaluation Groups:  (Manning; Training; Organizing; Equipping; Sustaining; Installations;

                                                 Unassigned)

BOS Modeled: (Intelligence, Maneuver, Fire Support, Air Defense, Mobility and Survivability, 

                          Logistics, Battle Command)

MDEP Category Code:

PE Program Element, AMSCO Code:

Documentation and Training:

Required Hardware and Software:

Baseline M&S:


Describe the Input needed to conduct/initiate this item:


Describe the Output results of this item:

Is this resource HLA compliant: (Yes, No, Not Applicable)

Comments:

HLA

If no, explain HLA Waiver (Maximum 255 characters):

If yes, provide FOM/SOM URL:

Verification & Validation

Accreditation Studies:

Accreditation Limits:

Accreditation:

Accreditation Date (mm-dd-yyyy):

Points of Contact

POC Type: (e.g., technical)

Title/Rank:

First:

MI:

Last:

Suffix:

Organization Name:

Organization Position:

Voice Telephone:

Facsimile Telephone:

DSN Telephone:

Email:

Postal Address:

City:

State:

Historic and Models that have been or may be involved in the Block III program.  This list will be updated as additional information is obtained.

ACEIT – The Army Cost Estimating Integrated Tool is the Army approved cost estimation tool used by CEAC and weapons systems to develop life cycle cost data.  ACEIT is an estimating system containing tools to assist in conducting cost analysis activities such as cost estimates, what-if studies, cost proposal evaluations, risk and uncertainty analysis, and cost estimating relationship (CER) development. The major parts of ACEIT are ACE (Automated Cost Estimator) (the spreadsheet), CO$TAT (full-feature statistics package), CEM (library of commercial and non-commercial cost models), and RI$K (model which quantifies risk associated with a cost estimate).
Acquire – The Acquire is a Night Vision Electro-optics Laboratory model designed to determine the probability of detection of an IR source target as a function of range. The model also can be used to estimate Classification, Recognition or Identification ranges and probabilities. It has had extensive V&V work done on it by the Laboratory.  Has been replaced by NVTherm.

Advanced Tactical Combat Model (ATCOM) – The Advanced Tactical Combat Model is a constructive simulation developed by Boeing. ATCOM’s objective is to provide a lifecycle relevant high fidelity model valuable for engineering, acquisition, training, R&M, logistics, survivability, lethality and T&E. This model provides a high fidelity helicopter simulation of operations in a nap-of-the-earth terrain definition. The battle representation accounts for enemy and friendly tactics and doctrine and makes use of a comprehensive database of weapon and sensor performance. Because of its higher fidelity, this model has proven to be a valuable adjunct to the hierarchy of models (ESAMS, CASTFOREM, etc.) used in constructive simulation studies and exercises. In particular, the ATCOM model incorporates a high fidelity representation of the Comanche radar and heat (IR) signatures. The radar signature interacts with the local terrain features to incorporate the effects of reflected and refracted beams. Provisions are made to input the most recent information on typical threats systems to be encountered on the battlefield. The result is that ATCOM can determine the battlefield effectiveness of Comanche low observable characteristics. It has been used effectively in trade studies during the Comanche development program. ATCOM is DIS compliant. The detection (IR & RF) algorithms have been validated and verified by AMSAA. The model also has had a face validation performed against the Evaluation of Air Defense Model by AMSSA and the model has undergone full V&V by the Threat Simulation Management Office.

AIL – The Avionics Integration Laboratory used by Boeing to facilitate the integration of avionics equipment into the aircraft. 

AEDST-L6- The Airframe, Engine & Drive System Trainer L-6 is a full size replication of the AH-64D with removable components.  Its purpose is to support the training of critical Longbow Apache repairer remove-and-install tasks and skills.  The AEDST-L6 is a hardware trainer with functional modularity, which permits simultaneous task training of airframe, engine, drive, brakes, landing gear, utility, fuel, environmental control, and drivetrain/flight control systems.  It will also support task training associated with troubleshooting as well as removal/replacement of system components.

AJEM - The Advanced Joint Effectiveness Model, or AJEM, is a lethality, vulnerability, and endgame computer simulation code capable of analyzing one or more threats attacking a single rotary-wing or fixed-wing aircraft or ground-mobile system. Boeing uses it in their survivability and lethality efforts.  It combines elements of target model viewing, threat modeling, encounter kinematics, generation of weapon burst points, propagation of damage mechanisms to the target, damage mechanism / target interaction (penetration, fire, blast, etc.), target system relationships (functionality, redundancies, etc.), and target remaining capability or loss of function.  AJEM was designed to be a DoD standard computer simulation for evaluating the lethality and terminal effectiveness of munitions and the vulnerability of aircraft, missiles, and ground-mobile systems, including battle damage assessment and repair (BDAR). AJEM produces results that are applicable during all phases of weapon system acquisition from research, design, and development to production test and evaluation. AJEM produces results which are observable / measurable for testing and real-world events.  AJEM is designed to run in conjunction with BRL-CAD® and the MUVES environment, capitalizing on work already performed by ARL/SLAD.

ASEM – The Advanced Simulation End-Game Model (ASEM), ASEM is a flexible architecture of models that provided a high fidelity simulation of threat ADA capabilities and effects. ASEM models for threat ADA missile applications consist of: 

· Sensor can be live or virtual firing station that can function in operator-in-the-loop or autonomous mode.  Simulation includes fuse, target radar cross section (RCS), guidance uplink, reliability, target occlusion, and jamming models.

· Missile flyout is developed and Validated and Verified by the Missile and Space Intelligence Center (MSIC) and created in Joint Modeling and Simulation System (JMASS) to simulate loader/launcher and missile fly-out.  Simulation includes seeker, fuse trigger, reliability, target RCS, and electronic countermeasures.

· JMASS “flys” missile to point of closest approach and then MILSIM called to calculate Poalmak.  JMASS determines assessment by comparing random number to Poalmak.

· Missile Lethality Simulation (MILSIM) is developed by AMSAA and uses fuse, detonator and warhead models and target representation to compute probability of at least a mission abort kill (Poalmak).

ATLAST – The Actual Total Life Cycle Assessment Software Tool was developed by Clockwork Solutions, Inc. to support life cycle simulation-based logistics impact forecasting for new and aging weapon system fleets.  The Apache PM is evaluating ATLAST for potential use in the Life Cycle Cost and ECP evaluation areas. The system is unique in that it does the following: 
· Captures the current, as they are in the field today, state of a fleet of weapons systems
· Operates them according to operations profiles for the base they are located
· Forces failure and life-limited events according to location and age of components
· Administers a capacity constrained maintenance and logistics support process necessary to correct unserviceable assets back to operational conditions and states
The system requires a fleet of equipment (weapons systems) to be loaded into the system and then the state of that fleet must be initialized.  Initialization involves the serialized configuration of a system from its Line Replaceable Units (LRUs), through its modules, and down through its sub-parts and components.  The age, location, and status (serviceable and installed, unserviceable, serviceable spare, in repair, etc) of every component is set to the most current representation available.  Each serialized system is then placed at a location where it is operated according to an operations profile dictated by that location.  Once in operation, the weapon system stops operating and accumulating hours against its parts and components upon a failure event to one of its systems or sub-systems, or due to a component life-limit that has been reached.  When a system is down for repair, the model then reviews all other life-limited parts in the system to see if they are within remaining life-limits thresholds, and if they are, takes the opportunity to perform necessary repair tasks associated with that item.
AVCATT – The Aviation Combined Arms Tactical Trainer is a reconfigurable cockpit; low fidelity network simulation system intended to train skills for aviation unit commanders, staff, and aircrews to operate in the joint/combined arms battlefield.  It is composed of manned simulators, a simulated tactical battlefield, command and control, exercise control stations and after action review capability.  The AVCATT AH-64D does not incorporate aircraft OFP or flight model.  The program goals are to replicate AH-64A, AH-64D, OH-58D, and UH-60 aircraft in company sets.  The AVCATT is configured in two transportable trailers, but requires electrical power at the fielded installations.  PM AAH is responsible to fund the Block II LOT upgrade for the AH-64D configuration.
BDA – Boeing’s Battle Damage Assessment Model is a conceptual model under development to support Battle Damage Assessment efforts.  It will be assessed to determine if has application in assessing survivability.

BEFLYRT – The Blade Element Fly Real-Time is a high-fidelity simulation model designed for the AH-64A Apache Helicopter. The BEFLYRT simulation model is a common high fidelity simulation model that will continue to be used for the AH-64 D Longbow Apache.

BEMAP – The Blade-Element Model for the Apache is a mathematical model developed to realistically account for the effects of the lead-lag degree of freedom and rotor dynamics for the AH-64A Apache.  The main thrust of the BEMAP effort was to develop, implement, and validate a blade-element rotor module to replace the less sophisticated map-type rotor used in FLY Real-Time (FLYRT), an AH-64A Apache simulation model.  The development and integration of the BEMAP module was completed in 1989, and was shown to match or surpass the original model.  During the summer of 1990, flight tests were conducted to polled data used for model validation in both the time and frequency domains.  The BEMAP was used in 1991 when it was upgraded with 701 C engine modules and was used to predict the effects of new engine control system upgrades prior to actual flight tests.  The BEMAP closed in FY94, with the completion of the BEMAP Technical Manual.  The validated math model will be available for future applications such as to develop a common high-fidelity model for the AH-64D Longbow Apache.

CASTFOREM – The Combined Arms and Support Task Force Evaluation Model is the Army’s highest resolution, lowest echelon (up through and including brigade) combined arms combat simulation model. CASTFOREM is often run in conjunction with JANUS (T) to perform weapon systems analysis for a Cost and Operational Effectiveness Analysis (COEA) or Analysis of Alternatives (AOA). CASTFOREM will be used along with EVADE to estimate survivability and mission effectiveness. CASTFOREM uses decision tables to achieve battlefield maneuver control and proper tactical representation. All types of direct fire, crew-served ground weapon systems, helicopters, dismounted infantry, artillery, engineering operations, combat service support, communications, maneuver, sensor acquisition, and realistic battlefield (smoke, atmosphere, etc.) are modeled. CASTFOREM has been verified and validated for the Apache. Comanche work is in progress.

CATIA V4 & V5 - CATIA Version 4 is a broad range of Computer Aided Design (CAD), Computer Aided Engineering (CAE), and Computer Aided Manufacturing (CAM) applications to advance all phases of product design and manufacture, from concept to production.  CATIA V4 allows the connection of all users in an extended enterprise to browse or collaborate with others while accessing virtual product native data.  CATIA V5 works with V4.  Boeing uses these tools to support offsite work packages.
CHAMP – The CHAMP is a helicopter flight dynamics program that is used to determine the actual helicopter path that would result from the flight profile called for by the pilot in CAGIS. Also works with Rand’s Jamming And Radar Simulation (RJARS) and Rand’s version of the JANUS force on force model.

CIFER – The Comprehensive Identification from Frequency Response is a joint U.S. Army/NASA and Sterling Federal Systems have jointly developed an integrated facility for system identification based on a comprehensive frequency-response approach that is uniquely suited to the difficult problems associated with flight test data analysis.  Applications of system identification results include: (1) comparison of wind tunnel and flight characteristics; (2) validation and update of simulation models; (3) handling-qualities analyses and specification compliance; (4) optimization of automatic flight control systems; and (5) vibration and aeroelastic analyses.
CASTFOREM – The Combined Arms and Support Task Force Evaluation Model is the Army’s highest resolution, lowest echelon (up through and including brigade) combined arms combat simulation model. CASTFOREM is often run in conjunction with JANUS (T) to perform weapon systems analysis for a Cost and Operational Effectiveness Analysis (COEA) or Analysis of Alternatives (AOA). CASTFOREM will be used along with EVADE to estimate survivability and mission effectiveness. CASTFOREM uses decision tables to achieve battlefield maneuver control and proper tactical representation. All types of direct fire, crew-served ground weapon systems, helicopters, dismounted infantry, artillery, engineering operations, combat service support, communications, maneuver, sensor acquisition, and realistic battlefield (smoke, atmosphere, etc.) are modeled. CASTFOREM has been verified and validated for the Apache. Comanche work is in progress.

COCOMO – The Constructive Cost Model was used in software cost and schedule estimations.  Dr. Barry Boehm developed COCOMO in 1981.  COCOMO is a simple on-line cost model for estimating the number of person-months required to develop software. The model also estimates the development schedule in months and produces an effort and schedule distribution by major phases.    It is now considered obsolete, and has been replaced by COCOMO II. 

COMBAT XXI - The COMBAT XXI project will retool the CASTFOREM simulation to be HLA compliant, OneSAF compatible (federated with OneSAF & other simulations); written according to the object-oriented paradigm in an object-oriented language or languages. It could, therefore, be considered a combination of an enhancement of existing modeling and simulation (M&S) as well as development of an M&S.  COMBAT XXI will be the follow-on HLA compliant model for CASTFOREM, which is the current predominant Army analytic M&S, used to do statistically relevant analysis of land warfare in support of new requirements, especially in the Analysis of Alternatives (AoA) process. Just as CASTFOREM is routinely used in conjunction with Janus for a complete analytical study, COMBAT XXI will be similarly partnered with OneSAF in analytic applications. Common objects, algorithms, and data will ensure the necessary interchanges to allow the teaming of the models for analytical purposes. 

COMPASS – The Computerized Optimization Model for Predicting and Analyzing Support Structures   is a PC based model with added capability for conducting Level Of Repair Analyses (LORA).  In COMPASS, the maintenance concept decisions are made with maintenance and supply functions considered concurrently.  The COMPASS model will be utilized to assess each subsystem as well as the airframe. 
CO$TAT - The cost analysis package within ACEIT, it has been tailored for use by the cost estimator.  CO$TAT handles any learning curve formulation, including missing or concurrent lots, rate effects, fixed plus variable costs (i.e., non-linear), and provides a wealth of outputs including sequential learning results to help identify production lots where shifts and rotations occur. The results of a CO$TAT analysis can immediately be integrated with your estimate in ACE and automatically be included in the estimate documentation. CO$TAT results can also be used to populate custom knowledge bases in AIM. An added benefit of the CO$TAT software is the ability to generate prediction intervals for use in risk analysis.  CO$TAT is based on Dr. Barry Boehm’s software engineering book.
COVART – The Computation of Vulnerable Area and Repair Time is used to determine the vulnerable areas and expected repair times associated with specific levels of damage to targets caused by impacting single kinetic energy penetrators.

CSRDF – The Crew Station Research and Development Facility (CSRDF) was conceived and designed in 1985 at the NASA Ames Research Center and manufactured by CAE Electronics in 1986.  It is an Army advanced rotorcraft simulation research facility that supports engineering research and development in cockpit automation and pilot-vehicle interface design. It enables the Army to address issues such as crew complement (one versus two pilots) and advanced cockpit technologies for future aircraft in a full-mission simulation environment. The crew station, with its tandem, two-pilot configuration, is the focus of the system. The full-mission capability is achieved by multiple support stations that enable control of other aircraft, both friendly and hostile, and representation of command, control, and communications. Some of the advanced technology features of the CSRDF crew station include a wide-field-of-view, helmet-mounted display; a high-end image-generation system; advanced digital flight control model; side-arm four-axis hand controller; "glass cockpit" with touch-sensitive control points; speech input and output; and a simulated digital communications link.
CTSF – The Central Technical Support Facility, Ft. Hood, TX, is a facility that provides for the rapid integration of dissimilar hardware and software through real time interaction with the Warfighters, Program Managers, Contractors, Requirements Community, and Conduct Intra-Army Interoperability Certification for all Army C4I Systems, and be the Army’s Configuration Control for all Army Battle Command System products. The facility is used to certify systems, but may also have the potential to evaluate systems prior to the formal certification process, reducing cost and schedule risk.
CWEPT – The Cockpit, Weapons and Emergency Procedures Trainer (CWEPT) was a Pilot and CPG trainer used for initial aircraft qualification training on the AH-64A.  It develops pilot and CPG proficiency for basic, normal and emergency procedures specific to the AH-64A and its mission equipment.

Delmia Quest (3D) and ProModel Corporation’s ProModel (2D) - Lockheed Martin Missiles & Fire Control Production Operations simulation engineers develop factory simulation models to assist Arrowhead with cost savings initiatives and the design of lean production facilities.   The discrete event factory modeling software toolset currently used consists of Delmia Quest (3D) and ProModel Corporation’s ProModel (2D). The output of these tools is both factory part flow animation and statistical reports summarizing model behavior such as machine and labor utilization, throughput, queuing information and part flow time. Lockheed Martin has developed custom source code logics that extend this COTS simulation software, allowing us to incorporate lean manufacturing principles in our simulations.
DOORS – The Dynamic Object-Oriented Requirements System is a database front-end application used by the Arrowhead system requirements engineers to develop, maintain, and track requirements used in system development and production. DOORS functionality ranges from unique requirements maintenance and generation, documentation of those requirements, storage of data, and linkage and flow down of all requirements on the program. In Lot1, the requirements database will transition to the SLATE front-end application.

DYTRAN – DYTRAN is a nonlinear explicit finite element model.  DYTRAN is based on DYNA3D, a widely used public domain explicit nonlinear, transient dynamic finite element code developed at Lawrence Livermore National Laboratory.  DYTRAN is a general purpose, explicit finite element analysis program for simulating the nonlinear dynamic response of structures and mechanical components.
 EDS – The Boeing Engineering Design Simulator is a state-of-the-art virtual simulator.  It is a twin visual dome simulator designed and built by MDHS.  The domes house pilot and CPG cockpits that are high fidelity exact representations of the AH-64D and the mission software includes a real world threat package.  The visual of each dome presents an Out-the-Window display with a central vision inset slaved to a head tracker.

EO Analysis - Performance models will be maintained for the FLIRs and IITV of Arrowhead. Standard Army tools (NV Therm, NVIITV) as well as proprietary simulations will be employed. Model details and results will be reviewed with the Army and suppliers to manage risks and support trade studies.  

ESAMS – The Enhanced Surface-to-Air Missile Simulation generates one-on-one probability of kill for aircraft versus surface-to-air missiles. Its results are used in higher-level survivability analyses to evaluate weapon system and subsystems effectiveness. ESAMS simulates the interaction between a single target and a specified SAM missile fired from a designated location. The model simulates the missile aerodynamic performance and the physics governing missile flight. ESAMS also models SAM navigational and guidance systems which provide pitch, yaw and acceleration commands to the missile. The model simulates endgame consisting of warhead fusing and detonation, and models warhead fragment patterns, providing Pk based on target altitude, presented area, and vulnerable area. The simulation is verified, and validated with limited accreditation for Comanche.

FASTGEN – FASTGEN is a model that predicts the damage to a target caused by ballistic impact of projectiles.  It incorporates the shotline method. This method involves projecting a number of parallel rays through the target with a specified direction and describing the encounters along each ray.  The result is a sequential list of components, subsets of the target, which are encountered by a shotline.
 FASTGEN traces the path of a projectile’s shotline through a target. The target is composed of objects called components.  Components are modeled by generating a three-dimensional target database. The set of components encountered along a shotline is arranged in the order of encounter. This sequenced set of components along a shotline is called a line of sight (LOS). The LOS file contains specific component data: 1) group and component identification number, 2) location, 3) thickness, and 4) shotline obliquity angle. A given LOS file is for a specific attack orientation.  Typical vulnerability analyses are based upon 26 attack orientations (every 45 degrees in elevation and azimuth) as shown below.  The sole purpose of executing FASTGEN is to develop LOS data for use in vulnerable area models, such as COVART.  Boeing is using FASTGEN in the Survivability and Lethality areas
FLIR 92 – Thermal model developed by the Night Vision Laboratory.   Used to predict FLIR performance.  Replaced by NVTherm. 

FLYRT - FLY Real Time is a high-fidelity simulation model designed for the AH-64A Apache Helicopter.  It was purchased from MDHS in 1988-1989 for the Ames Research Center.  The batch version of FLYRT, also delivered by MDHS, was restructured to improve modularity and allow ease of module replacement.  Some of the modules, including the trim and equations of motion modules, were upgraded to facilitate the new BEMAP being developed by Ames Research Center.  The real-time Apache FLYRT simulation model was verified in FY93 using aircraft flight data.  The BEMAP module and lessons learned during the development and upgrade of the Apache FLYRT have been incorporated together to become the Blade Element - Fly Real-Time (BEFLYRT) simulation model, a common high fidelity simulation model that will continue to be used for the AH-64D Longbow Apache.

HEATTRAN - Heat Transfer Model was used by McDonnell Douglas to identify the heat loads generated by electronic components during operation.  The results were used to determine the cooling requirements in normal to extreme operating conditions.

HWIL - Missile Hardware in the LOOP simulation, which tested various types of subsystem components using a combination of actual hardware and computer simulations, provided a significant contribution to the development of the HELLFIRE missile.  The JV and the U.S. Army Missile Command (MICOM) used HWIL extensively in the software development, calibration and testing of the missile.  HWIL was also used on the Longbow HELLFIRE to help reduce technical risk by evaluating new algorithms that improved operations against threat countermeasures

ITEMSTM – The Interactive Tactical Environment Management System was developed by CAE Electronics as an off the shelf integrated software system that configures and runs a synthetic tactical battlefield. The ITEMS is a complete simulation package that provides interactive players and supports command and control authority structures. Users can generate a target-rich tactical scenario without being limited to hard coded sets of data. All scenario elements are user created. An off-line Database Management System (DBMS) handles this real life information and stores it using object-oriented approach. High fidelity simulation models then use this data to run real time tactical exercises. The ITEMS is a stand-alone environment or can be seamlessly networked to multiple remote and local sites. The ITEMS is DIS compliant and has had extensive V&V by AMSAA.

Janus - Janus is a multi-purpose near real time interactive war-game used to examine the relationship of combat and tactical processes. It is used for weapon system performance; test planning, test augmentation, scenario evaluation and exercises. It can model entities down to the individual soldier or system. Verified and validated.

JITC – The Joint Interoperability Test Command, Ft. Huachuca, AZ, is the DOD’s facility for evaluating the interoperability of National Security Systems (NSS) and Information Technology (IT) systems.  JITC also conducts a wide range of developmental, operational, and standards conformance tests for DOD, private industry, and several federal agencies.  As relates to Block III, JITC is responsible for Joint Interoperability testing and certification.
JCATS - JCATS provides an interactive, high-resolution, entity-level, conflict simulation that models joint, multi-sided air, ground and sea combat on a high/low resolution digitized polygonal terrain. The simulation also models the use of non-lethal weapons and urban environments. The program is used by a variety of operators ranging from the joint task force level down to tactical and operations other than war in open, urban and subterranean environments using both aggregates and individual systems.  Other features include human characteristics - secondary suppression, fatigue, fratricide, health, etc. and its capability to mount/dismount entities and the use of linear and area sensors for rear-area security operation.  The simulation provides the maneuver driver for the Army's Digital Battle Staff Sustainment Trainer (DBST) used to train the Army's digitally equipped forces. The Marine Corps and special operations forces also extensively use the simulation for training and real-world rehearsals of tactical missions. Numerous units used the simulation for tactical training prior to deploying in support of Operation Iraqi Freedom. The Lawrence Livermore National Laboratory originally developed JCATS.  Boeing used JCATS in its AoA process.
LCT - Longbow Crew Trainer is a dual seat individual and crew-training device.  It provides hands-on training of select critical tasks.  It trains and sustains individual and crew skill proficiency in normal, degraded, and emergency modes of operations.

LCTP - The Longbow Crew Trainer Prototype (LCTP) was delivered to the Government, was installed at Redstone Arsenal as the PEOAVN SMART acquisition / development device and redesignated the Risk And Cost Reduction System (RACRS).  The LCTP has been used to develop algorithms and evaluate capability of the Modernized TADS/PNVS prior to actual production.  The LCTP will continue to be used by PEOAVN to facilitate development of hardware and software for the Apache and Longbow.
LCTS - Longbow Collective Training System is a team/company/battalion tasks training device designed to sustain AH-64D aircrews in the performance of collective tasks in a combined arms team environment.  The LCTS consists of six Tactical Player Stations that accommodate a crew at each station.  The LCTS provides the capability to perform company-level training of aircrews under simulated day, night, marginal weather, and visual meteorological conditions.  

Lockheed Martin Simulation/ Model Summaries - The Arrowhead Program systems simulations were used throughout the proposal phase and will be used through production contract completion. The simulations will be used to perform trade studies, define system and subsystem requirements (e.g., algorithm design tools), analyze and verify system performance, validate hardware and software, predict test performance, and conduct posttest analyses.

MAPES – The Multiple Aircraft Penetration & Engagement Simulations were used to perform Mission Area Analysis (MAA), Operational Analysis, Requirements Generation and Trade-Off Analysis, Conceptual Design Studies, and COEA.  Engineering design M&S, previously developed, validated and accredited for their intended purposes, were used to support development, prototype production, and test.

MATLAB - MATLAB is a high-level technical computing language and interactive environment for algorithm development, data visualization, data analysis, and numerical computation. Using MATLAB, you can solve technical computing problems faster than with traditional programming languages, such as C, C++, and Fortran.  Arrowhead guidance, navigation, and control engineers used MATLAB to support the development and testing of Inertial Targeting, Tracking algorithms, Imaging, and HWIL.  Existing Legacy TADS data is used to generate software which is in turn used to create algorithms and to validate tracker performance and embedded software processing.  MATLAB is utilized to provide test vectors for all FPCA validation of the Image Processor. And end-to-end simulation using input imagery has been validated from 12-bit data in to 8-bit data out of the FPCAs. Also, by use of the VCAP, software processing of SANUC and histogram processing has been validated against MATLAB development simulations.  MATLAB/Simulink is used for control system analysis and design and contains vehicle dynamics capable of flight path and airframe state simulation.

MATRIX X Simulation

MATRIXX is a powerful, programmable, matrix calculator with graphics used to solve complex large-scale matrix problems for the Arrowhead servo controls group. Linearization of the Arrowhead servo block diagrams necessitates the removal of voltage and current limits, antiback lash gear effects, coulomb friction dead zones and scheduled gains. Open loop and closed loop frequency response stability data quantifying gain and phase margins are also generated.

MAVWEST – L7 – Multiplex, Avionics, Visionics, Weapons, & Electronic System consists of a full size replication of the AH-64D with functional subsystems and a separate Instructor/Operator Station (IOS).  The MAVWEST-L7 supports training of the Apache Armament/Electronic/Avionics repairers.  Its functional subsystems include the FCR, TADS, PNVS, IHADSS, AWS, HELLFIRE, and 2.75” aerial rocket subsystem.  A built in fault insertion capability in the IOS, enables instructors to further develop student skills and knowledge in troubleshooting as well as fault isolation techniques. 

MENTOR – Model used by Northrop Grumman to design and develop Electronics Circuit Assemblies.

MIDAS – The Man-machine Integration Design & Analysis System is an analysis model developed to improve cycle time and human factors influence for advanced technology crew stations.  It combines 3-D rapid prototyping methods, embedded human performance models and advanced simulation techniques to provide a computer-aided engineering system, which moves crew station design and procedural iterations from hardware to software.  The MIDAS was used in partial demonstration with the AH-64A, which included a technology transfer of the software to MDHS.  The Binocular Vision Model imbedded in MIDAS was used in partial simulation for the AH-64D Longbow Apache.  The EDS was used by MDHS as a human factors engineering tool for the Crew Station Design Validation Test III (CSDV3).
MOCA – The Mitigation Of Cost Analysis is a model developed for determining the part obsolescence impact on life cycle sustainment costs for the long field life electronic systems based on future production projections, maintenance requirements and part obsolescence forecasts. Based on a detailed cost analysis model, the methodology determines the optimum design refresh plan during the field-support-life of the product. The design refresh plan consists of the number of design refresh activities, their respective calendar dates and content to minimize the life cycle sustainment cost of the product.

MSS - The Millimeter-Wave Simulation System (MSS) HWIL facility, at Redstone Arsenal, AL, was used to test tactical missile seeker hardware and software in a real time closed-loop simulation over the full missile flight scenario.  The system was also used for verification of test readiness for all seeker flight hardware and software, evaluation of seeker performance envelope, parametric performance analyses and algorithm optimization, independent seeker evaluation by Government agencies and verification of contracts simulations of seeker hardware and software.

MUVES - The Modular UNIX-based Vulnerability Estimation Suite (MUVES) is a computing environment developed by the Army Research Laboratory (ARL) for conducting vulnerability/lethality (V/L) studies. MUVES employs the latest software technologies both in design and implementation to optimize usability, improve the ability to incorporate methodology advances, provide an audit trail of the analyses, and facilitate the configuration management and archiving of analyses. With the growing acceptance and use of MUVES within the V/L community, particularly for conducting ground vehicle assessments, efforts have been initiated to assess MUVES Release 2.0 for possible incorporation into SURVIAC.  MUVES is registered in the AMSO MSRR.
NRLA - Network Repair Level Analysis is an Air Force Level of Repair Analysis (LORA) model, used by Northrop Grumman to conduct the LORA on the RFI.  It was seen to be more flexible and available to the Contractors on a no fee basis.

	NVTherm -  NVTherm Rev. 7.0 is the latest iteration of NVESD thermal models. NVESD was previously called the Night Vision Laboratory (NVL). The first NVESD thermal model "Night Vision Laboratory Static Performance Model for Thermal Viewing Systems," was published by Ratches and others in 1975. Later versions of the thermal model included FLIR90 and FLIR92. The original 1975 performance model included both prediction of sensor Minimum Resolvable Temperature Difference (MRTD or just MRT) and also prediction of target acquisition performance using the Johnson criteria. FLIR90 and FLIR92 predict sensor MRT only; the MRT is an input to the Acquire computer model which uses the Johnson criteria to predict target acquisition. NVTherm returns to the original format by including range prediction and MRT prediction in the same 

	computer program. FLIR92 and Acquire provide target acquisition performance estimates for first and second generation thermal scanning sensors. NVTherm extends these models to provide performance estimates for thermal staring imagers as well. NVTherm generates a two dimensional MRT (2DMRT) which is used with the Johnson criteria to predict probability of target detection, recognition and identification versus range. In the current version of NVTherm, only the MRT prediction has changed from previous NVESD models like FLIR92. The Johnson criteria are still used to predict probability of task performance based on the MRT.
	


OneSAF Testbed Baseline (OTB) is a composable, next generation CGF that can represent a full range of operations, systems, and control processes from the individual combatant and platform level to battalion level.  Unit behaviors are modeled to the battalion level for selected units, and command entities will be modeled to the brigade level.  OTB will have a variable level of fidelity that supports multiple M&S domains.  It will accurately and effectively represent specific activities of combat, command, control, communications, computers, and intelligence (C4I), combat support (CS), and combat service support (CSS).  It will also employ appropriate representations of the physical environment and its effect on simulated activities and behaviors.

OSAMM – The Optimum supply and Maintenance Model used by MDHS to complete the first report on Level of Repair Analysis (LORA) in June of 1990.  Analysis was performed on a limited number of Longbow unique components in order to establish the maintenance level at which these items will be replaced, repaired, or discarded.  The analysis was based on economic and non-economic considerations as well as operational readiness requirements.  The model utilized was the Optimum Supply and Maintenance Model (OSAMM).  By March 1993 the MDHS efforts had produced six LORA reports using OSAMM for all Longbow unique components.  The model also looked at the alternatives of two and three level maintenance repair in a tradeoff analysis.  OSAMM has been replaced by COMPASS.

OSMIS – The Operating and Support Management Information System is the CEAC database containing actual operating costs for fielded Army systems.  The Operating and Support Management Information System (OSMIS) is a major portion of the Department of Defense (DoD) Visibility and Management of Operating and Support Costs (VAMOSC) Program. OSMIS, managed by the U.S. Army Cost and Economic Analysis Center (USACEAC), is the U.S. Army's source of historical operating and support (O&S) cost information for more than 500 systems deployed in tactical units -- Active, Guard, and Reserve.  DOD analysts have found historical O&S data to be useful in projecting O&S costs for future systems, developing O&S cost analyses, and preparing O&S estimates.  PM Apache planners utilize OSMIS for actual data on those Block III parts common to aircraft in the field.
PDS – The Probability of Detection Simulator uses the threat emitter’s parameters, the aircraft’s altitude and the RFI’s system sensitivity to predict the “Detectability” of the threat. The simulator is written in JAVA and is utilized by Northrop Grumman during UDM development efforts
Price Suite of Software Tools - PRICE-H, PRICE-S, PRICE-HL Commercial M&S tools used in cost estimating of hardware and software.

PRICE – H - PRICE H estimates cost and schedule for all aspects of hardware acquisition including development and production of electronic and mechanical/structural assemblies as well as the integration of purchased, furnished, or modified equipment. It estimates costs of material, labor, and overhead associated with design, drafting, system engineering, project management, documentation, sustaining production engineering, manufacturing, and special tooling and test equipment. 

PRICE – HL - PRICE HL estimates operations and support costs, readiness, availability, and mission reliability for all types of electronic and mechanical systems. It works with PRICE H, which provides the necessary HL inputs, or the user can input the necessary information from other sources. The model operates primarily on reliability/maintainability, deployment, and maintenance level information to produce estimates for each of 30 standard or custom maintenance concepts.
PRICE – S - PRICE S estimates cost and schedule for total life cycle of software systems - from systems concept phase through maintenance and support. Output is provided in terms of effort (person months or hours) with the option to convert to dollars using preset or user-supplied labor and overhead rates. The effects of modern software development practices, the use of software development tools, the experience of the software development team, and the programming languages employed, are incorporated. A risk analysis capability using Monte Carlo or Latin Hyper Cube Simulation is provided.
ProE - Pro/ENGINEER is the de facto standard for mechanical design automation – based on a parametric, feature-based, fully associative architecture – that delivers a comprehensive suite of solutions for all areas of the development process, from a product’s conceptual design and simulation through manufacturing.

RACRS – The Risk And Cost Reduction System is a high-fidelity AH-64D Apache Longbow simulator designed to support SBA of new systems and subsystems.  It’s primary purpose is to quantifiably reduce developmental risks, costs and timelines in support of the Army’s SMART initiative.  The RACRS consists of a high-fidelity cockpit simulation of the Longbow Apache Pilot and Co-Pilot Gunner stations, and a high-resolution out-the-window (OTW) visual system, control station, simulation host computer and associate software including geo-specific databases on which to fly.  Provisions also exist for the integration of various hardware components of the Longbow Apache as well as open functionality within the software architecture, allowing for future upgrades and follow-on modifications to the Longbow to be tested and evaluated in a “try it before you fly it” environment.
RCAS – Rotorcraft Comprehensive Analysis System is an M&S tool used by the Aeronautical Engineering Directorate (AED) that provides the capability to reduce risks associated with test flying new configurations.  It provides a flight test support capability and improved cost and mission performance.  It will be assessed by the PM, AED and Boeing to determine its usefulness in the Block III effort.

Relex Software - Arrowhead reliability engineers use Relex software to evaluate the failure rate and Mean Time Between Failure (MTBF), to identify areas for potential reliability improvement, to manage reliability across the entire product lifecycle. This modeling tool performs reliability allocation calculations and supports de-rating analyses. The tool is a PC based application that allows engineers to be able to pinpoint areas of concern, quickly analyze design modifications, and improve the overall product reliability.
RTCA - The Real Time Casualty Assessment is a hybrid, virtual simulation that combines software and instrumentation.  Its purpose is to facilitate live simulation associated with Operational Testing.  It was developed for AH-4D Longbow Apache OT by the Test and Evaluation Center (TEC) to shape OT force-on-force trials, to provide player personnel with a sense of combat realism and to generate performance data of sufficient fidelity to address operational requirements' issues and criteria.  Its software modules were verified by the independent Government evaluator, Army Materiel Systems Analysis Activity (AMSAA) and independent support contractors.  The entire system was validated and accredited for its intended uses by the Operational Test Command (OTC) with the assistance of Government and support contractor SMEs.  The RTCA for the AH-64D Longbow Apache is actually a collection of several different weapon systems simulation models.  Each model corresponds to the essential characteristics or attributes of the actual and replicated weapon systems participating in OT trials.  The primary function of these modules is to map a set of player state inputs to a unique Probability of Kill (PK).  The resultant output (i.e., casualty assessment) is determined by Monte Carlo simulation.  The PKs used by this simulation are provided by the AMSAA.

RTS - Response Time Simulator was originally developed by Northrop Grumman using MATLAB and is recently being enhanced and converted to JAVA under the UDM Programming Capability contract with the US Army. RTS simulates the RFI OFP, UDM Dwells and hardware tune times to predict the time it takes RFI to detect and report a single emitter.

RWSI - Rotary Wing Stores Integration is a non-real time engineering tool utilized by AED to conduct analysis on stores separation.  It also has application for on board gunnery systems, and the delivery of external-mounted loads.  It has been used on Apache but can be used on any aircraft with external stores.

SEER H - SEER-H provides hardware development and production cost, schedule, and risk estimates for electronics, mechanical, structural, hydraulic, and other hardware.

SEER-SEM - SEER-SEM provides estimates of software cost, schedule, and risk for the requirements, design, CSCI test, system integration and test, and maintenance phases. It will accept lines of code, functions, or both as input. It also uses knowledge base inputs relating to platform, application, development method, and development standards and parameters relating to capabilities, environment, and requirements. It uses parametrics and contains mathematical equations relating the input variables to cost.

SESAME - Selected Essential Item Stockage for Availability Method is the approved Army Model used to compute initial provisioning requirements.  The primary purpose of SESAME is to provide a valid estimate of the cost of supply support for an end item or weapon system early in its life cycle. It may be used in the standard initial provisioning mode or the sparing to availability mode. It also has many features that allow the model to be used for other purposes such as calculating the operational availability for a given budget or for a known supply position, or determining the optimum distribution of support stock to obtain the maximum operational availability. 

SIMNET – The Simulation Networking consists of individual manned M1 and M2/3 simulators; Semi-Automated Forces (SAF) workstations; a Stealth vehicle that allows commanders to oversee the battle from a non-intrusive standpoint; a Data-logger for recording and playback of exercise data packets; a Plan View Display (PVD) which provides a two dimensional map display of the terrain and combat elements involved in the exercise; a Management, Command and Control console (MCC) for initializing each exercise and providing Combat Support and Combat Service Support functions; a Network, Operations and Maintenance console (NO&M) for technical monitoring of the operational state of each simulator; and a Dismounted Infantry Simulator (DIS). AIRNET is an aviation version of SIMNET.

Slate – Slate, an engineering tool developed by EDS and used by Lockheed Martin, consists of "Industrial Strength Groupware for managing requirements, architecting systems, and accelerating product development". Tools cover design and testing as well as requirements. The tool provides for conventional box-and-arrow diagrams, but also allows document and object hierarchies, and arbitrary traceability linking. An interesting feature is a budget, which provides a recursively added hierarchical spreadsheet for each attribute, which is to be budgeted. Slate is apparently genuinely object-oriented and as such should suit large industrial projects that want to use OO analysis and design. 
SPO - The Service Process Optimizer is a model used by Boeing to support a Performance Based Logistics approach to sparing.  SPO is a web-based suite of advanced inventory planning, forecasting and execution solutions that give companies the ability to manage and monitor inventory levels of mission-critical materials. It meets the demanding requirement of the service parts planning process, reduces operating costs and provides global, real-time visibility throughout the extended service supply chain. The first commercial software to optimize assets in a multi-echelon service supply chain network, it supports collaborative planning, forecasting and execution processes by linking with a company's enterprise and customer relationship management systems
TAFSM - Target Acquisition Fire Support Model is a large-scale, automated artillery combat simulation model.  
TESS - Tactical Engagement Simulation System a Longbow unique requirement is currently fielded.  This live simulation is a RTCA system that scores simulated target engagements in force-on-force field exercises at unit, level, home station training and at Combat Training Centers (CTC).  It requires compatibility and interoperability with Multiple Integrated Laser Engagement System (MILES), Air-Ground Engagement System (AGES) and RTCA systems at the Combat Training Centers (CTC).  The hit-not-killed and killed probabilities closely reproduce those of actual engagements by live ammunition.  The TESS collects, processes, stores, and displays data and information for each event.  It allows MILES laser transmitters to simulate the characteristics of the Area Weapons System (AWS) and Aerial Rocket System (ARS).  It also simulates the indirect fire characteristics of the RF HELLFIRE.  It comes as an embedded (A kit)-appended (B kit) device with selected sites receiving the ground stations.

TSTT - The TADS Selected Task Trainer was one of the initial AH=64A training devices.  It was a low fidelity trainer that provided switchology and sequential weapons engagement procedures for the CPG and armament repairer.
UGNX2 – NX from UGS is a next-generation digital product development system used by Boeing in the CAD area. 
UNIGRAPHICS – Used by Northrop Grumman as a standard engineering design/drawing model for all sector designs, not just AH-64D.

VCap – Windows Video capture Xtra for Windows.  VCap captures AVI recording live video, does live video preview and single frame capture.

VIC – The Vector In Commander is the Army’s principle Corps-level simulation. It is a two-sided, deterministic event simulation of combined arms combat using land and air forces.  

Virtual Application Prototyping System (VAPS)– VAPS is a tool for building data-driven, interactive, visual Human-Machine Interfaces (HMIs). These interfaces, also called dynamic GUIs or VGUIs (Very Visual GUIs), display application data as graphics, which are redrawn to reflect changes in the data. In real-time applications, a rapid refresh rate results in a perception of smooth animation. At the same time user interaction is conducted by directly manipulating the graphics with a mouse, touch screen or other means.

Vis-View / Vis-Jack – CAD/CAM tools used by Boeing, Vis View facilitates sharing of information across the extended enterprise by making it possible for users view any type of product data, regardless of its CAD source. 
WARSIM 2000/JSIMS- Will replace Corps Battle Simulation with HLA compliant simulation; it will provide linkage to OneSAF.  WARSIM is a computer-based simulation and the Army's next generation command and control training environment. WARSIM will support the training of unit headquarters and command posts from battalion through theater-level in joint and combined scenarios. Additionally, it will provide command post training events in educational institutions. It will be designed to allow units worldwide to train in their command posts using organic C4I equipment, with a minimum of overhead. This simulation system will meet emerging distributed simulation standards and protocols, thus providing a comprehensive joint environment capable of linking its simulation based constructive entities with virtual (simulator based) and instrumented vehicles.

wInsight - wInsight is an earned value management tool specifically designed to engage technical, schedule, and financial professionals in proactive management of their projects. wInsight provides state-of-the-art techniques to quickly locate problem areas, graphically review performance trends, generate statistical estimates at complete, and obtain feedback from team members. wInsight scales from entry level schedule-based earned value systems through complete enterprise resource planning (ERP) systems.

XPATCH - XPATCH is a family of high frequency radar signature prediction codes that use the Shooting and Bouncing Ray (SBR) technique. Rays are shot from the radar direction toward the target and are traced according to the geometrical optics theory as they bounce around within the target. Effects of polarization, ray divergence factor, and layered material transmission or reflection are included. At the point where a ray exits the target, physical optics integration is done to calculate the scattered far field from the target. With SBR all single and multiple bounce contributions are accounted for by the geometrical or physical optics theory. First-order edge diffraction may be included as well.

	JANUS
Model and Simulation        Initial Submission Date: 02/10/1998 

	Title: JANUS 

Acronym: None 

Version: 7.1 

Proponent: TRADOC Analysis Center-White Sands Missile Range (TRAC-WSMR) 

Description: Originally designed as a brigade and below simulation to support training. 

When used for training at the platoon through to Brigade level, players must consider all aspects of employing their forces just as they would in combat. JANUS accurately models both friendly and enemy weapons systems with resolution down to the individual platform (i.e., T-80, M2, or individual soldier weapons). These systems have distinct properties, such as dimension, weight, carrying capacity, weapons, and weapons capabilities. All the above can be effected by terrain and weather. 

As a Battalion and Brigade staff trainer, JANUS provides a detailed environment requiring detailed Commander-S2/S3 interaction as they develop and execute the tactical plan. Commanders must apply sound warfighting principles and achieve full synchronization of the BOS to fight a successful JANUS battle. The JANUS Analyst Workstation (JAWS) provides an immediate After Action Review capability after a training event. 

Recent changes to JANUS include increased modeling of supply classes III and V (including tracking of ammunition by rounds and caliber, and bulk refueling operations); multiple kill categories; building rubbleing;fixed wing bombers; and modeling of maintenance operations and personnel replacement operations. 

TYPE: Analysis, Research & Development, Test & Evaluation, Education & Training. 

PURPOSE: Players develop scenarios, make doctrinal and tactical decisions, deploy forces, and make and execute plans. As a Battle Focused Trainer assists commanders at battalion level and below in training subordinate leaders in decision making processes. In a seminar training mode Janus can be used to train brigade level commanders and their staffs. 

Types Of Uses: Scenario Development, Weapon Systems Performance, Test Planning, Test Augmentation, Seminars on Tactics, Techniques, and Procedures, Exercise Driver, Operations Support, Combat Developments Evaluations, Tactical Commander Training and Unit Training. 

Intended Uses: As a Seminar and Battle Focus Trainer in TO&E organizations and as a classroom seminar trainer in TDA organizations. 

Domain: Land, air, and sea. 

Span: Can accommodate any locale, depending upon data. Battalion, Brigade and Company combat operations are conducted. 

Mission Areas Represented: Conventional and low-intensity conflict can be represented. 

Level Of Detail Of Processes And Entities: Individual soldier or individual system is the lowest entity modeled. Conventional direct fire from both ground and air systems is automatic and dependent on line-of-sight, probability of acquisition, identification and firing criteria, response time, reload rates, range, and posture of firer and of the target. The player has the ability to mount and dismount force on vehicles. The model also supports detailed play of precision-guided munitions such as COPPERHEAD, HELLFIRE, and FOG-M. Obstacles, natural and man-made are represented as are smoke, artillery dust, plus radar and conventional optical and IR sensors. Chemical alarms and performance degradation due to MOPP have been incorporated. Conventional mines plus air, ground, and artillery-delivered scatterable mines are played in detail including the capabilities to breach, bull, or bypass these obstacles. Terrain features are represented as polygonal areas or strings independently of the elevation data grid. Among other things this allows buildings to be specifically played and supports urban combat. Direct-fire fratricide implemented with graphical control of fire zones. Up to six sides are possible with dynamically assigned enmity available. Model has recently been updated to effect multiple layers of kills. For vehicles it includes firepower, mobility, firepower and mobility, and catastrophic kills. For personnel, casualties now reflect Multiple Integrated Laser Engagement System (MILES) kill categories: Return to Duty (RTD), Wounded in Action (WIA), Litter Priority, Litter Urgent, and KIA. Rubbling of buildings is now modeled and destroyed vehicles are left as obstacles in choke points. Destroyed vehicles appear as "ghost" icons (having no effect) in open terrain, which improves player ability to asses BDA. 

Limitations: Area fire of direct fire weapons is not assessed, illumination rounds are not played; and nuclear phenomena such as dazzle, induced radiation fallout, and EMP effects are not currently assessed. Human Participation: Required to make a number of game decisions. 

Time Processing: Dynamic, event-sequenced model. 

Treatment Of Randomness: All elements of ground, air, and sea combat are treated stochastically. Outcomes of events occur according to the laws of probability and change. 

Sidedness: Multiple-sided (6), asymmetric model with all sides reactive. Users can also change the enmity during the game. 

Typical Ratio Of Run Time To Modeled Time: 1:1, but highly dependent on number of units, detail of terrain features, area of terrain, and host computer. 

SECURITY CLASSIFICATION: Unclassified. 

Source Code: Unclassified. 

Data: Higher levels possible. 

Documentation: Unclassified. 

MODEL USERS: CD USERS - TRAC-WSMR, TRAC-FLVN, Ft. Benning, Ft. Knox, Ft. Rucker, Ft. Sill, Ft. Lee, Ft. Leonard Wood, TRAC-MTRY, RAND, UK, Australia, Marine Corps, USMA, IDA, France, Germany, CENTCOM, US Military Police School, Canada. 

TRAINING USERS - Janus fielded during FY94 to all CONUS Divisions plus 2ID, 6th ID (L), 25th ID. TRADOC fielding is to the Six (6) Combat Arms Schools and USAMP school for use in POI. USARC fielding is to the Five (5) Battle Projection Centers at the Division (Exercise). 75th Div (E), 78th Div (E), 85th Div (E), 87th Div (E), 91st Div (E). 

Date First Implemented: Feb 1983. 

PLANNED IMPROVEMENTS AND MODIFICATIONS: Enhancements to "smart" weapons capabilities and to automatic functions, such as dismounting, are planned for addition to the model. Retail fuel and ammunition management, DIS compliance, and port under Linux to PC platforms are in progress. 

Configuration Management Proponent(s): STRICOM/NSC/TRAC. 

	How to Obtain 

	Directions to Obtain: Contact: Advanced Concepts Requirements - Director, US Army TRADOC Analysis Command-White Sands Missile Range, JANUS Development Division, Wargame Directorate, White Sands Missile Range, NM 88002-5002 AND Training - Director, National Simulation Center, USACAC, ATTN: ATZL-NSC-M, Fort Leavenworth, KS 66027-5000. Point of Contact: Mr. Chad Mullis (for ACR), DSN 258-4115, COM (505) 678-4115 AND LTC Steven Holloway (for Training), DSN 552-8132, COM (913) 684-8132. 

	Additional Information 

	Management Domain: Advanced Concepts and Requirements (ACR) Training, Exercise, and Military Operations (TEMO) 

Program Evaluation Groups: Equipping 

BOS Modeled: Intelligence Maneuver Fire Support Air Defense Mobility and Survivability Battle Command 

MDEP: VTRD 

Documentation and Training: Executive Summary: Overview. User Manual: For v7.1 and v7.1 Release Notes (VMS/UNIX). Programmer Manual: For v3.17 VMS + subsequent Release Notes 4.0, 4.2, 5.00, 5.02, & 5.8. Others: Data Base (v7.1), Computer System Ops (7.1), Exportable Training Manual (v7.0 and v6.3.4), Basic (v3.17) and Master Operators Task Manual (v3.17). 

Required Hardware and Software: Janus operates on a thin wire LAN Ethernet using TCP/IP network protocol. Work is on-going by TRAC and other agencies to give JANUS DIS linkages to other simulations and C4I systems. 

JANUS is currently available in two configurations. The older configuration consists of Hewlett-Packard 715-series mini-computers running the HP-UX Unix operating system. These HP Unix suites were fielded to the Army in 1994. Each suite also includes an Electrohome 4100 system projector for use in the AAR. 

Beginning in 1998, JANUS V6.3.4 was being fielded to the ARNG separate brigades and divisions on personal computers running the Linux operating system. These suites also include a Boxlight projector for AAR support. 

The latest Janus V7.1 can run in either of the hardware configurations described above or a combination of the two. 

Input: Phenomenology data types for weapons characteristics and effects, sensor characteristics, mine characteristics, flyer and radar data, terrain information, artillery information, and forces information are all required inputs to the model. Preprocessors/Scenario Development Aids: Multiple editors for terrain, systems data, graphic symbols, and scenario verification. Janus itself is a scenario development aid. Time To Prepare Databases/Scenarios: Creating a data base from scratch, when data is available from data sources, requires approximately two weeks to build and check. For normal study requirements, when only data base modifications are necessary, approximately two days are needed. Available Databases/Scenarios: TRADOC Standard High Resolution Scenarios plus locally developed scenarios for training use. 

Output: Produces a hardcopy output of game statistics, artillery summaries, direct fire reports, range analyses, detection tables, and killer-victim scoreboards. Also provides a graphical replay and rerun capability. Graphics: RASTER & VECTOR. Available Postprocessors: Janus Analyst Workstation (JAWS), and standard reports and tables mentioned above. JAWS provides a significant AAR capability to support raining. Time to Analyze: Highly study dependent. Graphical displays provide visual feedback during the game. Study results usually available in 1 to 6 weeks. 

HLA Compliant: No 

Comments: DUAL PROPONENTS: TRAC-WSMR and NSC. 

Continually upgraded based upon requirements and priorities established by SCRB members, approval by CCB members and by study proponents. STRICOM is the configuration control agency and the model is managed through a Configuration Control Board chaired by CG, STRICOM. 

Verification Proponent: TRAC. 

Validation Proponent: TRAC. 

Verified and Validated during numerous COEAs. 

Documents: None Completed. 

	HLA 

	HLA Waiver/Comment: Time extension pending waiver 

	Verification & Validation 

	Accreditation Studies: Accrediting agency is CAC 
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Crosswalk – Block III M&S with Program Schedule
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         System	    Preliminary          Critical   	            Long	     Production	      First Block III


         Design 	    Design	     Design	            Lead       	     Contract	      Delivery (48)


       Review	   Review	    Review	         Contract						    











Requirement


Drivers








Supporting


Analyses





KPPs & Non-KPPs





Low Risk Technology Insertions





Defining Block III





OEF/OIF LL


PACOM MNS


Army Transformation


FF Connectivity


Known Shortcomings


Obsolescence


RAH Cancellation


Threat Evolution


CRD Linkage


FCS ORD


…











2002 RAH/AH AoA


DOTML-PF Analysis


DCD R&M Analysis


FCS studies


UE / UA studies


FF studies


Boeing Engineering Analyses


Force XXI studies


…





KPPs


Interoperability


Mission Reliability


Performance











Non-KPPs


Range & Endurance


Improved FCR / RFI


…











Fly By Wire


OSA


701D Engines


Improved Drive / Rotor


…











M-TADS / PNVS*


JTRS*


Advanced ASE*


BFT*


JCM & APKWS*


…








* - Block III leverages additional synergy via these separately funded initiatives





“See First, 


Understand First,





Act First, Finish 


Decisively”





APM


LTC Greg Kokoskie





  International  Apache 





CHIEF


Alvin Hopkins





CHIEF


Bill Redmond





Apache Sensors 





Longbow Apache 





United Kingdom 


CPP 





Apache Mods/Recap 








LTC James Crawford





Apache Block III1





Product Mgr


LTC Vince Tobin





Product Mgr


LTC Shane Openshaw





Product Mgr


LTC Mike Cavalier





Product Mgr


LTC Tony Potts





Business Division 





Logistics Division 





System Engineering Division 





CHIEF      Neale Bruchman





APACHE PROJECT MANAGER





     COL RALPH PALLOTTA


     DEPUTY:  MR. DICK ORDWAY











Key Modernized Longbow Contractors





RFI:  Lockheed Martin Systems Integration





 Airframe - Boeing





701D Engines: General   Electric 





  FCR:  JV – Northrop Grumman &


Lockheed Martin 





M-TADS/PNVS:  TAS





System Integrator - Boeing





SYSTEMS INTEGRATOR - Boeing





MTADS/PNVS


Lockheed-Martin





  2012 – FCR - JointVenture?





2010 - 701D / Gen Electric





 AIRFRAME - Boeing





   2009 - RFI – Lockheed Martin SI





Air Vehicle Contractors
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How Aviation Will Fight & Win in the Future Force

Fully Integrated into all Operations of the Air-Ground Team
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Longbow is an ISR 

and Engagement Integrator
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Longbow Apache Fleet 

Block  Capabilities

Block I (lots 1-6)

Block II (lots 7-10)

Block III (lots 11-15)

		 Limited digital capability

		 Partial JVMF integration

		 Limited processor growth

		 Split fleet architecture

		 Limited SA 

		 Frequency gaps on RFI

		 Limited ASE capability

		 Time intensive to transport

		 High O&S cost drivers

		 Two models of engines



		 Digital capability

		 JVMF integration

		 Processor growth ability

		 Split fleet  architecture

		 Full SA 

		 Frequency gaps on RFI

		 Limited ASE capability

		 Time intensive to transport

		 Reduced O&S cost drivers

		 Two models of engines

		 Non-line of sight comms

		 Digital Map

		 Fibre channel data bus

		 Video transmission

		 Training dev concurrency





 Digitization

  Open System Architecture

   JTRS

   Level 4 UAV  Control

   IFR/IMC Capability

 ASE 

   ASE Upgrade

   Crew Cognitive Decision Aiding Software

Transportability

Training device concurrency 

Advanced Flight Control Algorithms

O&S Improvements

   Pure 701D Engine Fleet

   Composite Rotor Blade

   Drive System Improvements

   Advanced IETM 

   VMEP

   Embedded Diagnostics/Prognostics

   LIMSS Improvements

   Multi-Mode Laser

Targeting Improvements

   FCR Range Extension

   RFI Frequency Extension

   Advanced Radar Processor

   RFI Passive Ranging

   Image Fusion ( FLIR/I2) 

   Littoral capabilities


















